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PREFACE 
To the Third Edition 


The work of the second revision of College Geography was inter- 
rupted and saddened by the death of Piofessoi Daniel R. Bergsmark 
The revision was further delayed duiing Woild Wai II and the im- 
mediate postwar period in order to incorporate some of the major 
problems of human adjustment and maladjustment caused by the war, 
and also to evaluate some of the geogiaphic problems cieated by the 
increasing interests and responsibilities of the United States in other 
parts of the world. 

In revising College Geography, I have kept five majoi purposes m 
mind, namely (1) to reweight the subject matter in the light of 
events that have taken place since 1940 and to expand the textual ma- 
terials on those areas that have recently become of increasing impor- 
tance to the United States, (2) to add physiographic diagiams and 
place and distribution maps winch make the textual materials more 
vivid, (3) to enrich the text in principles and to eliminate any purely 
descriptive mattei, (4) to bring all charts, graphs, and subject matter 
up to date, and (S) to indicate trends in geographic developments in 
older to avoid any implications that human adjustment to environ- 
ment is a static condition 

Several areas are treated more fully in the third edition. The most 
notable example is the Pacific Ocean A new chapter, “Tropical and 
Semi-Tropical Islands of the Pacific,” has been added. The addition of 
this chapter is desirable because of our increasing intei ests and respon- 
sibilities in the Pacific where, in 1947, the United States was given the 
sole and permanent trusteeship of 623 islands (829 square miles of land 
now officially named “The Territoiy of the Pacific Islands”) that are 
spiead over an area about the size of the United States 
The textual materials have been expanded on the U.S S R , the Onent, 
western Europe (especially the Ruhr), and the borderlands of the 
Arctic Ocean All these aieas have become more important to the 
American people since the book was first written. 

Some of the textual materials, especially the chapters entitled “Oui 
Climatic Environment” and “The Geographical Significance of Soils,” 
have been simplified, clarified, and m places expanded. 

v 
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Place maps, topographic maps, and maps that show the distribution 
of resources, products, and industries have been added These maps, 
such as the one showing the distribution of coal, iion oic, and pctio- 
leum resources of the USSR, togethei with otliei maps that show 
the distribution of other important mineral lesouices, climatic belts, 
agricultural belts, ice-filled coastal waters, and distribution of major 
crops of the USSR, will help students to understand some of the 
reasons for Russia’s potential stiength. They will also help the students 
to visualize some of Russia’s pioblems and weaknesses. 

Wherevei statistics of production are provided, the author has eithei 
shown the long-time trends or has given, at least in most cases, data 
of production both for the years pnor to Woild War II and foi post- 
war years These two sets of data permit a study of the influences of 
World War II m many fields of activity and m many areas, they also 
afford numerous examples of new adjustments to the natuial environ- 
ment whenever the moie or less normal social order has been disrupted 
The two sets of data emphasize the fact that man is often compelled to 
make a new adjustment to the natural environment to fit, m so far as is 
possible, changes m the social environment 

New illustrations for this edition were made by D Geic Watkins. 

Earl C. Case 
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PREFACE 
To the First Edition 


College Geography is intended to meet the need of an increasing 
numbei of departments of geography in universities, colleges, and nor- 
mal schools which aie emphasizing the regional and economic phases 
of the subject in their beginning courses, usually designated as woild 
geography, elements of geography, 01 principles of geography 

Although College Geography is intended as a survey of the subject 
for students in their early years in college, it may be used as a textbook 
m the latter yeais of high school, especially if the teachers have had 
sufficient training in the subject to be able to elucidate the more diffi- 
cult parts of the text It should also be a valuable aid as a reference book 
foi high-school teachers and pupils in schools using a more elementary 
textbook 

Several years of experience m teaching geography to students m the 
colleges of Education, Commerce and Business, and Applied Aits have 
convinced the authors that a basic course in the principles of geography 
is the best foundation foi future work m the subject, whether the 
student expects to major in commerce and perhaps become a marketing 
expert, or in education and become a teacher The organization and 
materials presented in this book are intended to meet the needs for 
such a basic course in geogiaphy Thus while the book presents a 
bird’s-eye view of geography to the students who do not intend to 
pursue the subject further, it also lays the foundations for more de- 
tailed and advanced study. 

The first four chapters treat of the significance of climate, land 
forms, soils, and space relationship to human activities, and give a 
working knowledge of the principles of these subjects for future use 
in the study of economic and regional geography, For example, if 
one wishes to know something of the effect of climate on human activi- 
ties one must first know something of the climatic characteristics of 
the region under consideration But any attempt to learn the charac- 
teristics of a region without first learning a few of the most basic prin- 
ciples of climate is likely to result in unnecessary waste of effort by the 
mere memorizing of facts that should be understood. On the othei 
hand, if the students understand the principles of monsoon winds, con- 
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vection, the influence of tempeiatmc changes on the capacity of the 
air to hold moistuie, and othei fundamentals of climate, the study of 
the relation of climate to human afTaus takes on mm e meaning and 
interest The first foul chapteis of the book aic intended, thcicfoie, 
to give the student possession of the tools needed foi latei study of 

regional and economic geography . , 

Chapters V to XV are given to a study of icgional geogiaphy based 
largely on climatic types In several textbooks published iccently 
special study has been made of some of these legions, such as the 
deserts, steppes, tundias, and lamy low latitudes, but, in so fai as the 
authors know, this is the first attempt to give a systematic and geo- 
graphic treatment of the entire woild based on climatic types. 

Since certain subjects such as the Mmcial Industries, Tiade and 
International Dependence, and Seas and then Economic Pioducts aie 
less closely related to climatic conditions than to other geographic 
factors, they have been treated sepaiately in Chapters XVI to XXI. 

In wilting on a subject which has so challenged the attention of emi- 
nent scientists for centimes, and which has a 1 datively uch hteratuie, 
the authors must natuially owe much to pievious writers Their num- 
bers aie so gieat that we aie foiced to limit ourselves to a gcneial 
acknowledgment of oui indebtedness. Giateful acknowledgment must 
be made to membeis of the Geology and Geography Department of 
the University of Cincinnati, especially to Dr Ncvm M Fenneman, 
Dr John L. Rich, Dr Walter H Bucher, and others, for helpful criti- 
cisms and suggestions in the pieparation of this woik Special ac- 
knowledgment is due Di Howard H. Martin, of the University of 
Washington, Seattle, for contributing the chapter on the noithein 
coniferous forest, and for his critical review of several other chapters 
Thanks are due the United States Weather Bureau, the United States 
Department of Agriculture, and the United States Bureau of Reclama- 
tion for permission to use pictures which they had taken Giateful 
acknowledgment is also due Mrs Earl Case and Mrs. Daniel Bergs- 
marlc for their constant aid in the preparation of the book. 


Earl C Case 
Daniel R. Bergsmark 

Umversity of Cmcrnntiti 
September 9, 1932 
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PART I 

OUR WORLD ENVIRONMENT 



Chapter 1 


THE GEOGRAPHICAL SIGNIFICANCE 
OF SPACE RELATIONSHIPS 


Among die factors of the geogra phical enviro nment , the space tela- 
Eio^ibips-^ocation, size, and foun)-are of fundamental importance. 
Foi centimes these factors have commanded the attention of the stu- 
dents of geography, as indicated in the writings of the early Greek 
geographers as well as those of the modem school The Greek geog- 
rapher was concerned mainly with the description of the earth, which 
must, of necessity, include concepts of the relationship of space. The 
^modern geographer gives much attention to an interpretation of the 
distri bution of land forms, ^climatic legions," resources, and' peoples and 
then ^activities. 

The advantages of favoiable space relationships are clearly leflected 
in their effect on the national economy of poweiful states The great 
powers of the present day owe then significance in large pait to the 
possession of favorable location, size, and form When these factors 
are found in effective combination, they favor the development of 
world power, as in the United States— a country located in a temper- 
ate climate with easy access by ocean transportation to highly indus- 
trialized Europe on the one hand, and to the raw materials and rapidly 
expanding markets of the South American countries and the Orient 
on the other. It is, however, impossible to evaluate aCcuiately the 
importance of America’s location in teims of dollars and cents, educar 
tional advancement, political and industrial progress, or human happi- 
ness, but it is evident that this country is better off in all these respects 
than she would be with a location similar to that of land-locked 
U.S.S.R., where every outlet has been from time to time effectively 
closed by warring neighbors . 1 

i It is impossible to isolate entirely one geographic factor from all others while 
attempting to analyze its importance. The relation of climatic conditions to agri- 
cultural development cannot be separated wholly from soil fertility, plant and 

3 
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LOCATION 

In all man’s activities— economic, social, and political— location plays 
a role of vast importance Ellen Chiu chill Semple says that the loca- 
tion of a country or people is always the supreme geographical fact 
in its history. 2 Industry starts and develops m favoiabie locations, 
man’s social status is modified and influenced by the conditions that 
exist in the area in which he is located, and the political power of a 
country or state is markedly affected by a combination of factois 
arising from its location. 

Central versus Peripheral Location. From a geographical point of 
view, a central location means accessibility to other significant aieas, 
favoring (1) a ready interchange of ideas, (2) the mingling of races, 
(3) the enrichment of language, (4) the growth of commeicial rela- 
tions, and (5) the expansion of political powei These effects of cen- 
tral location are well illustrated in Gieat Britain’s relation to the lands 
of the North Atlantic, in Germany’s situation in the heart of Europe, 
and in Italy’s position in the Mediterranean Historically, a ccntial 
location gave the Magyars a controlling position in the Danube Valley, 
and the Iroquois tribes, located where the Mohawk Valley opened a 
way through the Appalachian barrier between the Hudson Rivci and 
Lake Ontario, occupied a strategic position which gave them powei 
and importance out of all proportion to their numbers. 3 

On the other hand, an aiea that has a peripheral location is distinctly 
handicapped in its national economy, since outside influences enter 
slowly, resulting in a retarded economic and social growth. In gen- 
I eral, an aiea is seriously handicapped economically if it is inaccessible 
to the chief markets of the world. The paucity of outside influence 
frequently causes a meager national life and history .* In lecent years, 

animal resources, location, and other geographical factors, smee the vailous geo- 
graphical factors are so intimately bound together that man’s adjustments arc 
nearly always affected by all of them Yet some one factor, such as isolation, 
desert climate, or lack of mineral resources, may be of such a dominant character 
in limiting man’s opportunities that it commands special study 

2 Ellen Churchill Semple, "Geographical Location as a Factor in History," 
Bulletin of the American Geographical Society , Vol, 40, p, 65. 

* Op ett , p 66 

‘Effects of peripheral location may be seen in Chile, Australia, and New Zea- 
land Even on the west coast of the United States renmiks may be heard about 
"you back in the States ” 
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howevei, the ill effects of a marginal (penpheial) location have been 
mitigated by the development of lapid and cheap transportation 
Given a sufficiently long period of time, an area may actually pass 
from penpheral to cential location At the time Rome had leached 
hei maximum power, the Bntish Isles were located on the margin of 
civilization, whereas today Great Britain occupies a central position 
with reference to commerce and mdustiy, being located on most of 
the important ocean loutes of the world. Similaily, during the early 
stages of the development of the United States, the Thirteen Colonies 
occupied a distinctly penpheial location, whereas at present this aiea 
is becoming to an evei-increasing extent an important center which 
ladiates its influence in every direction and is sensitive to changes 
which take place on any side A famine in China, an earthquake in 
Japan, a drought m Australia, longer working hours in Russia, or a 
new medical discovery in Germany are recorded on the stock tape 
in Wall Stieet, and are discussed in tariff debates in Washington, m 
church pulpits, and hi colleges and universities all over our land 
Strategic Locations. Throughout historic times, strategic locations 
or points of military advantage have been eagerly sought by contend- 
ing powers Political disputes have been waged and wars have been 
fought in order to obtain control of places that have strategic advan- 
tages. Such aieas include straits, isthmuses, mouths of navigable rivers, 
and islands located on majoi ocean routes 

In Europe, Copenhagen and Istanbul (Constantinople) owe their 
importance m large measure to then control of narrow channels and 
stiaits The situation of Copenhagen on the nanow strait or souhd 
connecting the Baltic with the Kattegat, Skaggeralc, and North Sea, 
has been a dominant factoi in the city’s development (Fig 1). In 
controlling the outlet to the lands of the Baltic, Copenhagen was in 
a position to reap profits from the trade of that region, actually col- 
lecting dues on cargoes passing through the sound until the year 
1857, when various nations paid her $20,000,000 to relinquish her 
claims. This strategic location has also subjected the city to attacks 
by b ellig erent powers during periods of war She was attacked sev- 
eral times by the Hanseatic League, besieged by the Swedes in the 
seventeenth century, bombarded by the English, Dutch, and Swedes 
m 1700; and suffered grievously through sea fights and bombardments 
in 1800 and again in 1807. Since 1895, the relative importance of her 
location has been waning, in large measure because of the construction 
of the Kiel Canal, with its deeper channel and its more direct route 
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between the Baltic lands and important trade aieas adjacent to the 
North Sea 5 

The straits of the Bosporus and Dardanelles lepicscnt one of the 
major zones of international stufe m the woild. These stiaits are 
economically, politically, socially, and strategically valuable to Russia 
as a passageway for hei merchant maimc and navy. Any powerful 
nation m control of these stiaits could, if it so desired, disiupt trade 



Fig, X The strategic location of Copenhagen (ICobenhavn) on the sound, a narrow 
waterway that separates Sweden and Denmark 

over some of the most important commercial highways of the world; 
create political confusion in a pait of the woild that is politically un- 
stable, and use the neighboring land zone as a militaiy springboard 
against neighbors that are weak and divided 1 ° 

The strategical significance of this zone has long been recognized 
and Istanbul (Constantinople) has been a military stronghold for cen- 
turies (Fig 2) “Napoleon believed that its possession was worth 
half an empire. Even under the handicap of Turkish rule Constan- 
tinople remained a great port Its position at the crossroads of Europe 
and Asia enabled it ... to profit enormously from the trade of south- 
ern Russia, Transcaucasia, Persia, and Mesopotamia, and also, in earlier 
years, from the overland trade of Inner Asia, India, and the Far East. 
Through it ran a part of the Berlin-Bagdad lailway line, by which 

“The narrow strait or sound at Copenhagen is too shallow to permit the 
passage of the largest merchant vessels and roen-of-war 
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Germany expected to condol the Neai East and the load to India ” " 
The United States had military stiategy m mind when the Viigm 
Islands weie puichased from Denmailc These islands form a naval 
base from winch protection may be extended to both the Straits of 
Flonda and the Panama Canal Until the United States bought the 
islands, thcie was always the dangei that Denmailc would sell them to 
some poweiful European nation which might establish a foieign naval 
base m dangeious proximity to these nanow channels of commerce 



Fig. 2. The location of Istanbul (Constantinople) Napoleon once said that be- 
cause of its location Constantinople was woith half an empire 

The strategic importance of a nanow land bridge 01 isthmus is well 
illustrated at Panama and the Isthmus of Suez Both areas have arisen 
to great military importance, especially since canals have been opened 
through them These canals-the Suez and Panama-are extraordi- 
narily similar in many details Both burrow their way through com- 
paratively low neclcs of land, both are gateways of tremendous com- 
mercial importance, and both are controlled by gxeat English-speaking 
nations. 

The importance attached to the control of the Suez Canal by the 
British Government was clearly indicated when Egypt was granted 
her independence. One of the four major reservations made was in- 
tended to insure the safety of British communications, with special 
reference to the Suez Canal. This narrow passageway is a strategic 
link in the shortest route between Great Britain and her valuable pos- 
sessions (or recent possessions that are still economically and com- 

“From Isaiah Bowman’s The New World, Fourth Edition, p 409, copyright 
1928, World Book Company 
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mercially important to Gieat Britain) in East Afnca, India, Malaya, 
the British East Indies, Hong Kong, Austialia, New Zealand— a vast 
empire boidenng the Indian Ocean and the western Pacific. Any 
interruption of tiadc thiough the Suez Canal would not only injure 
the markets of Gieat Butain but also weaken hei control m the Far 
East. 

The Panama Canal holds a key position between the Pacific and 
Atlantic similar to that which die Suez holds between the Atlantic and 
Indian oceans Commercial pioducts and naval vessels may be moved 
laprdly and economically Thus it is desirable that the Panama Canal 
should be well protected in ordei to keep it open at all times. 

The commeice through this nanow land bridge is glowing so rap- 
idly that steps are being considered for the construction of another 
mteroceamc canal Moreover, two water routes rn this area would 
prove a distinct military asset Under present conditions any obstruc- 
tion that blocked the Panama Canal would effectually separate the 
Atlantic and Pacific fleets and seriously mjuie rntei oceanic trade 

Navigable rivers sometimes become the subject of international 
strife Some nveis flow thiough 01 by seveial countries, tap aieas 
rich in natural resources, and thereby become important artencs of 
commerce foi seveial nations A powerful country located athwart 
or at the mouth of such a rivei may cause international tiouble by 
tying up the river traffic, especially m times of waL, to the detnment 
of all other nations that wish to use the river 7 

Not only river arteries but also some ocean routes arc controlled 
from areas that are strategically located. These aieas quite commonly 
consist of islands and headlands that may be used as naval bases and 
coaling stations on long and commercially important ocean lanes One 
such ocean route, the Mediterranean, extends from northwestern 
Europe through the Mediterranean Sea, the Red Sea, and the Indian 
Ocean to India and other lands of the Orient Owing to the gieat 
length of this route, steamships from Eui ope are forced to take on 
coal several tames before the Orient is reached. Great Britain is much 
concerned over this road to India, formerly the most important of her 
possessions and still closely linked to her through investments and 
trade. Consequently Great Butain has secured and fortified a large 
number of islands and headlands distributed at strategic points along 
the route. Among these places, Gibraltar, Malta, and Cyprus have 
played important roles, 

7 The Danube River is an excellent example o£ a navigable stream that flows 
through several countries. Consequently its control creates from time to time 
serious international problems. ' 
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Geographical Location as a Factor in History The location of a 
country 01 people is always one of the dominant geogiaphical factois 
in its history. In fact, according to Ellen Churchill Semple, “it out- 
weighs every othei single geogiaphical force 8 All that has been said 
of Russia’s vast aiea, of her steppes and tundia wastes, of her impotent 
seaboard on land-locked basins or ice-bound coasts, of her poverty of 
mountains, and wealth of minerals, fades into the background before 
her location on the bolder of Asia Fiom her defeat by the Tartai 
hordes in 1224 to her attack upon the Mongolian luleis of the Bos- 
porus m 1877, and her more recent struggle[s] with Japan [Russo- 
Japanese War of 1904-1905, and again in World War II, 19451, most 
of hei wars have been waged against Asiatics Location made her 
the bulwark against Asiatic invasion and the Apostle of Western civili- 
zation to the heart of Asia If this position on the outskirts of Europe, 
l emote from its great centers of development, has made Russia only 
partially accessible to European culture and, furthermore, has sub- 
jected her to the retarding ethnic and social influences emanating from 
her Asiatic neighbors, and if the rough tasks imposed by hei frontier 
situation have hampered her progress, these are all the limitations of 
her geogiaphical location, limitations which not even the advantage of 
hei vast area has been able to outweigh ” 8 

There are many aieas in the woild where the people find themselves 
thrust into international affairs and creating world problems that are 
not of their making but are the result of their location For example, 
on May 7, 1945, the date of Germany’s unconditional surrender, at 
least ten strips of territory bordering the western U S S.R. and held 
by the U.S S R either were claimed by other countries or sought 
independence, whereas nine strips of teintory were held by other 
countries but were claimed by the Soviet Union Each of these 
nineteen aieas creates a political problem because of its location with 
respect to various countries, races, language groups, resources, trade 
routes, or other environmental factors 

A study of any one of these nineteen aieas would indicate that the 
people faced problems that resulted fiom their location. For example, 
the location of Latvia between eastern and western Europe is one of 
the most important facts of its history It forms part of a buffer zone 

8 Although it is doubtful if geographic forces can be isolated and weighted in 
the exact manner indicated, nevertheless it is quite evident that many character- 
istics of Russia’s political and economic development are a direct result of her 
location, 

6 Ellen Churchill Semple, “Geographical Location as a Factor in History,” 
Bulletin of the American Geographical Society, Vol 40, p 65 
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between Nordic and Slavic Euiope, it lies athwart one of the best 
trade loutes between the Soviet Republics and the outside woild, 
and it occupies a transitional position between laces, nationalities, and 
cultures The country is occupied by Letts, Russians, Geimans, Poles, 
and Jews The Atlas of World Affairs (1946) contains two maps 
that suggest the many problems cieated by location. The maps show 
areas that are called “hot spots” of the world and “hot spots” of 
Europe 10 Each of these areas contains the germs of international 
strife because of its location 

Central Location a Factor in Business. The significance of central 
m comparison with peripheral location is strikingly illustrated in the 
value of land in the vanous paits of large cities Almost every city 
has its “Loop,” or business and financial district, which is usually 
centrally located and easily accessible to all paits of its respective 
urban agglomeiations. The high value of sites at Wall Stieet and at 
42nd Street in New York City, Fifth and Vine stieets in Cincinnati, 
Seventh Street and Nicollet Avenue in Minneapolis, and Thud Street 
and Wisconsin Avenue in Milwaukee, attest the importance of cen- 
trally located urban districts for business and financial transactions. 
Building sites in such districts are frequently five hundred to a thou- 
sand times as high m value as sites in the peripheral areas of these 
cities. For example, in 1930 several huildied feet of frontage on Vine 
and Fifth streets m Cincinnati sold at an average piice of approxi- 
mately $35,000 a front foot, whereas land in the marginal parts of 
this city brought only from $50 to $60 per foot. 11 

Central location as illusi rated in New York City. The high- 
est land values in the city of New Yoik are found in the Wall Street 
and 42nd Street sections The Wall Street district, filled with high 
buildings, is dedicated to “finance." 12 The 42nd Stieet section is 
devoted primarily to amusements, retailing, and merchandising, al- 
though it has recently developed considerable importance as a mis- 
cellaneous office center and business center. 

In Wall Street the managerial function of coordination is of majoi 
importance This function does not require the transfer of huge quan- 
tities of material, but it deals almost exclusively with information. 

10 George H Macfadden, Henry Madison Kendall, and George F. Deasy, 
Atlas of World Affairs, Thotnas Y, Crowell, 1946, pp S and 55. 

11 Data obtained from the Real Estate Board of Cincinnati. 

18 '‘Finance,” as here used, includes the exchanges, the banks, the insurance 
offices, as well as offices of vanous professional groups, such as lawyers and 
accountants 
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Heie the all-important factor is the transportation of ideas, of intelli- 
gence. The mail, the cable, the telegraph, and the telephone bring 
in its raw matenal and cany out its finished pioduct Easy and speedy 
contact of man with man is essential Thus such a district must be 
conveniently accessible and must be at the heart of the system of com- 
munication. This financial district is m effect one big structure where 
the skyscraper facilitates peisonal contacts m a way never possible 
befoie 

Location as a Factor m Industry Accessibility both to raw ma- 
terials and to markets is a pnme requisite of lapid industrial progress 
whereas isolation lesults m a paucity or stagnation of industrial growth 
Regions that possess open and easily accessible routes foi peaceful 
trade and communication and at the same time are readily defended 
against military aggressions are doubly blessed This dual advantage 
of location is well illustrated in the Butish Isles, located near enough 
continental Europe to benefit from the advances in civilization that 
took place there, yet sufficiently removed from that land mass so that a 
laige army has seldom been required to defend these islands against 
invasion. Men who otherwise would have had to serve in the militia 
weie employed m creating wealth at home and in opening up new 
resources and markets abroad This economic giowth was a hand- 
maiden of political expansion and world power. 

The effect of location on a specific industry is well illustrated in the 
development of the British textile manufacture. Including the produc- 
tion of almost every variety of textiles, this industry was originally 
concerned mainly with the manufacture of woolens. In the develop- 
ment of textile manufactures, location with special reference to market 
and raw matenals was a fundamental factor The market was de- 
veloped through a demand for woolens because of the cool, humid, 
marine climate, and the raw materials were present in the form of 
Wool, water power, pure water, and coal Moreover, isolation gave 
the British Isles an advantage over the continent proper, where wars 
were often destructive to the sheep industry and, therefore, to the 
production of raw wool 

The transition from the manufacture of woolens to the production 
of cotton textiles was easily effected, since the same general type of 
machinery is used m both industries 

The significance of location m industrial development is seen also 
in the United States. During the early history of this country in- 
dustries were frequently located m many unfavorable places. Factories 
were sometimes built in a town for no better reason than the fact 
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that the owner happened to live theie. Many mdustnal plants had 
their beginnings in this way, 111 locations that now aie thought of as 
having many disadvantages. “Since most factoncs weie formerly 
located without any prior consideration of the advantages of diffeient 
locations, some people have accepted the obvious infcience that theie 
is no logic m then pi esent distubution; in othei wolds there could 
be no such thing as a science of industrial geogiaphy. But the same 
conclusion would appear even moic justified in agricultural geogiaphy, 
whereas O E Bakei and othei s have shown that expeuenee teaches 
even uneducated fanners to plant, not whatevei occuis to them, but 
those crops which make the most profitable adjustment ” 1 1 Similarly, 
m manufacturing, iron smelting was staited, at one time or another, 
in eveiy one of the Atlantic States, but, thiough a process of elimina- 
tion m the least favorable and development m the most favoiable 
places, the industry shifted to areas where optimum conditions aie 
found. 14 

This shifting of industry is continuous, and it is affected by many 
factors. The most impoitant of these have been indicated by F. H 
Hall, who compiled statistical tables fiorn the Twelfth Census of the 
United States 15 Summarizing the results, he suggested seven factois 
that have a majoi bearing on industrial localization m this country 
(1) proximity to law matenals, (2) nearness to market, (3) nearness 
to water power, (4) favorable climate, (5) supply of labor, (6) capital 
available foi investment in manufactures, and (7) the momentum of 
an early start. 

The relative importance of each of these factors varies gteatly with 
the type of industiy. Proximity to raw materials is an exceedingly 
important factoi in copper smelting, because in most cases more than 
96 per cent of the copper ore is waste For example, in Utah millions 
of tons of ore are being mined that contain less than 1 pei cent copper. 
The 99 per cent dross must be removed neat the mine in order to 
save freight costs. In many chemical industries the law materials and 
finished products aie of lelatively small built although large amounts 
of power are required in the processes of manufacture. Under such 
conditions, proximity to power resources may be of majoi impoitance 

Climate affects many industries directly Cotton spinning can be 
carried on more efficiently m a moist atmosphere than in a dry one; 

13 R Hartshorn?, “Location as a Factor in Geography," Annals of the Asso- 
ciation of American Geographers , Vol 17, p. 95, 

M Ibid, 

15 F. H. Hall, The Localization of Industries, XII Census, 1900, Part I, p. 190, 
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the meat-packing industry requires cold-stoiage places, and some 
medicines must be made under exacting temperatuie conditions. In 
many factones these needed tempeiatuie and moistuie conditions aie 
now cieated within the fabucating 01 piocessmg plants Man, how- 
evei, has no control ovci the geneial climatic conditions of the world 
For example, m the humid and enervating climate of the equatorial 
zone, the undesirable effects of climate aie reflected in the natives’ 
lassitude of body and mind, m then lack of desue foi pi ogress, and 
in the small numbei of commodities that are lequired to satisfy then 
wants and desires Consequently, in this climatic lealm theie is a 
paucity of efficient laboi, and, in turn, the market is poor On the 
othei hand, in the invigorating climates of temperate lands, wheie 
man is physically stiong and healthy and where his mind is keen and 
alert, labor is efficient, and there is an evei-mci easing desire for more 
and better goods 

A careful study of any manufacturing industry will show that each 
of the seven factois previously listed plays a part m efficient produc- 
tion and that the scientific location of each industry requires that it 
be studied in the light of its peculiar needs with lespect to each of 
these seven factois. 

Conclusion on the Geographical Significance of Location. Location 
is a major factoi in relation to the political, economic, and social well- 
being of all peoples, it is a fundamental factor in the study of geog- 
raphy, and it manifests itself with gieatest foice m strategic and his- 
tone consideration. If nations and states thioughout all histone time 
have fought hard for control of a strategically located land pass, strait, 
isthmus, group of islands, and if nations m control of such features 
have had an advantage over their neighbors, then these are all indica- 
tions of the importance of geographical location. 

In industry and tiade as well as m history, location is of consider- 
able importance. A business enterprise that is centrally located has a 
marked advantage over competing plants that have marginal 01 periph- 
eral locations. The significance of a central location m business is 
clearly reflected in the high values of sites in the "Loop” districts of 
most large cities. 

In the manufacturing industry a favorable location means accessibil- 
ity to a variety of factors, of which the most important are raw ma- 
terials, markets, power, and labor. In some types of industry several 
of these factors are of almost equal importance in determining the 
location of a plant, whereas the localization of other industries is de- 
pendent almost entirely on a single factor. 
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SIZE 07 AREAS 

In interpreting geogiaplucal phenomena, we aie concerned with 
aieas of diffeient size They may be political units, such as hamlets, 
villages, cities, counties, countnes, 01 continents, or they may be 
geographical units— communities, piovinces, regions, and realms 

Small Areas Almost all the significant ccntcis of caily civilization 
and powei weie small aieas— the nanow stnp of land along the Nile, 
the small plains of Gieece, the Roman Campagna, Mesopotamia, Syria, 
and Palestine, These were centeis of population concentiation, and, 
as the population increased, these limited aieas fostered close contacts 
and lapid spiead of cultuial ideas. Much of the cultiue came into 
these small areas from the laige expanses of tnbutaiy land— a culture 
that was nurtuied and transformed to an even higher plane in these 
small compact umts 

But most small countries are characterized by limited oppoitumty 
for economic development as well as by military weakness The 
small geographical base generally means a paucity of basic raw ma- 
terials With law matenals— the souice of great wealth— generally 
lacking, the small countiy soon finds itself oveiciowded with people, 
some of whom migrate to areas of greater opportunity.’ 11 

In times of war the small area has always been more easily sur- 
rounded by the invadeis, whereas a large area is protected largely by 
the extensiveness of its land mass Nations that have invaded Russia 
have usually found the large size of that countiy a mailced impedi- 
ment to their nnlitaiy success Moreover, most small countries aie 
handicapped by having a relatively small population, Ellen Chuichill 
Semple says. “Since theie is a geneial coirespondence between size of 
aiea and numbei of inhabitants, where physical conditioas and eco- 
nomic development are similar, a small area involves a furthei handi- 
cap of numerical weakness of population Gieece has always suffered 
froth the small size of the peninsula, and the further political dismem- 
berment entailed by its geographic subdivisions Despite superior 
civilization and national heroism, it has fallen a victim to almost every 
invader .” 17 

Large Areas A study of the great powers of the present day shows 
that they contain or control laige areas of land. In this respect the 

“Witness the emigration from the small overcrowded countries of Europe 
to the New World 1 

17 Reprinted by permission from Influences of Geographic Environment, by 
Ellen Churchill Semple, Henry Hole & Co., 1911, p. 177, 
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BiiUsh Einpuc, Russia, and the United States aie notewoithy The 
Bntisli Enipuc alone contains moie than one-fifth of the land suiface 
and population of the globe, Soviet Russia extends in a long east-west 
belt almost acioss the entue width of two continents 

Although laige aieas develop slowly m lelation to small ones, in 
geneial they offei gieatei possibilities for futuie expansion and well- 
loundcd development of the activities of then people The large 
aiea affoids oppoitumty for a gieatei diveisity of life, bringing about 
contiasts in social conditions and, ultimately, a gieater bieadth of 
human interests Not only countries but also continents show the 
effects of then size. “Considei the different envnonments found in a 
vast and vancd continent like Emasia, which extends from the equatoi 
far beyond the Aictic Cucle, as compared with a small land-mass like 
Australia, relatively monotonous m its geographic conditions ” 18 Ob- 
seive how much gieatei the development has been in one than m the 
othei, in point of animal forms, laces, and civilization “If we hold 
with Montz Wagner and others that isolation in naturally defined 
legions, alternating with periods of migration, offei s the necessary- 
conditions for lapid development we find that foi the develop- 
ment of mankind it is laige aieas like Eurasia which afford the great- 
est number and variety of these natuially defined segiegated habitats, 
and at the same time the best opportunity for vast histoncal move- 
ments.” J0 

FORM 

All areas, whether they are geogiaplucal or political units, have a 
certain form or shape Some are long and narrow (attenuated), others 
aie compact} still others are partly attenuated and partly compact in 
form. 

The country embracing a compact area possesses vanous distinct 
advantages in its political economy 30 In such areas internal com- 
munication is facilitated and railways fiequently radiate from a few 
central points, forming a railway net The problems of government 
are lightened, since a compact unit may be more readily held together 
than an attenuated one. Moreover, a compact country may be easily 
defended, owing in large part to the advantages of favorable internal 
communication, whereas the attenuated land with its long frontiers 

18 Reprinted by permission from Influences of Geographic Environment, by 
Ellen Churchill Semple, Henry Holt & Co , 1927, pp 169, 170 

10 Ibid. 

80 Important compact areas are the United States, Russia, and France. 
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and long lines of communication is in dangei of being bioken up 
during periods of wai. 

Canada is an excellent example of an attenuated country. It extends 
more than 3,000 miles from east to west, and most of its railways lie 
within the southern part of the tountiy, within a few hundied miles 
of the United States’ bolder. It is in this southern pait that most ol 
Canada’s people live Heie all the transcontinental uilroads pass 
through Winnipeg, fiom which ccntei they blanch out both to the 
east and to the west. Canada has indeed been computed to a huge 
wasp with its nanow pait in the geneial area of Winnipeg It has 
also been suggested that the captuie of this city by an enemy would 
effectively divide eastern (industrial) Canada fiom the western (agri- 
cultural) pait of that country. 

SPACE RELATIONSHIPS AS SHOWN ON A GLOBE 

The Earth Sphere. It is a Avell-known fact that oui eaith has the 
shape of a sphere that is slightly flattened at the poles It is, thcicfoie, 
called an oblate spheroid lathei than a spheie The polai diamctei is 
about 27 miles shorter than the equatonal diameter Yet this distance 
is only a very small fiactional part of the eai tli’s total dinmctet of 
about 8,000 miles This oblateness would cause a shortening of less 
than a half-inch in the polar diamctei of a 12-foot globe, oi less than 
one-third of 1 per cent If the earth’s circumfeience were shown as a 
circle, filling as completely as possible the space of the average school 
blackboard, the thickness of the chalk would be sufficient to show all 
the eaith’s departures from tiue spherical foim. Thus, for all piac- 
tical purposes m oui discussion of globes and map projections we 
may consider the earth as a spheie 

Determining Positions on the Earth Mankind has long been faced 
with the pioblems of determining distances and duections on the 
earth’s surface, Even primitive peoples must be able to locate them- 
selves m respect to vanous places in and about the areas in which they 
live To such peoples knowledge about location becomes a vital 
necessity Think of the utter helplessness of the primitive hunters of 
Borneo and the Congo Basin if they lacked knowledge about land- 
marks or other points of reference With the advance of culture, 
locational knowledge has also advanced. 

The records of human progress indicate that man learned very early 
to orient his directions within the horizon. Observation of the honzon 
and of the heavenly bodies such as the sun and moon suggested to 
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some of the ancients that the earth was lound However, even the 
masses of people who then believed that the eaith was flat could still 
find dnections and distances Foi example, directions could be re- 
feircd to the using and setting sun It is notewoithy that the Latin 
equivalent foi east is onens , foi west occidens> and for midday it is 
meridtes Later discovenes of the polestar and its position in regard 
to the Noith Pole, and the compass in its 1 elation to the magnetic 
pole, piovcd a gicat help to the exploier and the navigator Distances 
weie commonly determined by means of time. For example, with a 
knowledge of the late of travel by foot, boat, 01 animal caravan, the 
distance could be leckoned quickly 
The Earth Grid, Latitude and Longitude. If the eaith weie a flat 
sui face with well-defined bordeis, points of reference could be deter- 
mined easily for the mapping of distances and directions Similarly, 
if the earth’s surface were that of a cone or a cylinder, vaiious definite 
points could be established But for the surface of a sphere having 
no beginning and no ending, points of reference are lacking 
Foitunately, however, astronomical observations have established 
the facts that the eaith lotatcs on its axis once in 24 hours and that 
the axis lemams paiallel at all times Thus, the eaith’s axis becomes 
an imaginary line, with the North Pole as a point at one end and the 
South Pole at the othei Let us suppose that a plane is passed through 
the eaith at right angles to this axis and midway between the North 
and South Poles. The circle formed by the intersection of this plane 
and the eaith’s surface becomes the equator With the equator estab- 
lished at latitude 0°, the poles become 90° noith and south latitude, 
since the distance along the eaith’s circumference from equator to 
either pole is one-fourth of a circle, or one-fourth of 360°. Suppose 
that othei planes are passed through the earth at right angles to the 
earth’s axis and parallel to the equatorial plane. Where these imag- 
inary planes intersect the eaith’s surface, still othei parallels or lines of 
latitude are formed. Especially important lines of latitude are the 
Tropic of Cancel (23%° noith of the equator) and the Tropic of 
Capricorn (23%° south of the equator) They are noteworthy be- 
cause they mark the limits of the belt around the middle of the earth 
in which the sun, at some period of the year, is directly overhead 
Moreover, the polar cucles aie worthy of mention. The Arctic Cucle 
(latitude <56%° N) and the Antarctic Circle (latitude <56%° S) mark 
the limits of the regions m which all places have at least one 24-hour 
period each year during which the sun does not set. These lines are 
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called to oui attention again m othei paits of this book, especially in 
the next chapter 

Just as the paiallels aie nnaginaiy lines that lun east-west, so the 
mendians extend noith-south, at light angles to the paiallels These 
noith-south-tiending lines conveige at the poles and aie used to 
designate longitude The poles gave us points fiom which to start in 
the determination of latitude, but no such convenient points of lcfcr- 



ence aie found foi the detej miration of longitude. We must, there- 
fore, decide on the location of some meridian from which the location 
of otheis are to be determined Most countries have chosen the 
meridian that passes through Greenwich, England, where the British 
Royal Observatoiy was established in 1675. That imaginary line is 
recognized as the prime meridian, or longitude 0°. Beginning at this 
line, 0°, the first degree east of Greenwich is the meridian of longitude 
1°E, and the first degree west is that of longitude 1° W, and so on 
until 180° have been measured eastward and 180° westward To- 
gether with the prime meridian, this meridian of 180° forms a great 
circle. In traveling between two points located on any given meri- 
dian, one should follow as closely as possible the course of the meii- 
dian, since parts of meridians are arcs of great ciicles, which consti- 
tute the shortest distances between two points located on a spherical 
surface, The equator is the only parallel that is a great circle. 
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Longiiude and time All places along a given meridian have the 
same avciagc solai time, which is determined by the length of time 
the eaith takes to make a complete rotation on its axis It is generally 
reckoned fiom noon to noon, or fiom the time of highest sun 
(zenithal) one day to that of the highest sun the next day. Since the 
eaith lotates 3d0° in 24 horns, or 15° in 1 horn, or 1° in 4 minutes, 
sun time is constantly changing In tiavehng, we would have to 
change oui watches constantly if every place had sun time Modem 
nations, consequently, have established time zones approximately 15° 
in width (Fig 3) To the east of the prime mendian the clocks aie 
set ahead of Greenwich time and to the west of the prime meridian 
they aie set back in terms of Greenwich time For example, in the 
zone of longitude 7 5° ± E to 22.5° =fe E, the clocks are set 1 hour ahead 
of Gieenwich tune, whereas, in the zone of 67.5° ± W, to 82 5°d= W, 
the clocks are set back 5 hours (Fig. 3) Opposite sides of approxi- 
mately the 180th meridian have a total difference of 24 hours of time 
The line is known as the “international date line ” The exact location 
of this line is arbitrarily determined. 

Mapping the Earth’s Surface on Globes. Long before the time 
of Christ, globes were fashioned by the Greeks, but their use was 
nauowly limited Duung the period of exploration in the sixteenth 
and seventeenth centunes many large and costly globes were made 
In the eighteenth century some globes were constiucted that had a 
diameter of 12 feet. But the most remarkable of all globes have been 
made within comparatively recent times Thus the Pans Exposition 
of 1937 had a mammoth “globarium” consisting of plastics and steel. 
Globes should be used in connection with maps, that is, as a supple- 
ment to plane-surface presentations of the earth’s features, since globes 
show the various space relationships of the earth’s lands and waters 
with the minimum amount of distortion and the greatest amount of 
accuracy. But globes are geneially quite bulky and are impractical 
to use for many purposes. 

MAPS AND MAP PROJECTIONS 

Maps are plans of the earth’s surface which show the location and 
distribution of various phenomena, Map projections indicate the 
methods used in making maps The nature of a true projection may 
be illustrated by use of the framework of a globe made of wire which 
represents meridians, parallels, outlines of continents, and the like If 
an electric light were placed in the center of this framework and a 
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cylinder were placed ovei it tangent to the equator, the shadow of the 
wne fiamewoik would be thiown on the cylmdei. In the same way 
the shadow of the wne could be thiown on a cone that is tangent to 
some parallel, 01 on a plane that is tangent to any given point on the 
globe. By such means the fiamewoik of the globe may be projected 
on a cylmdei, a cone, or a plane The light need not be placed at 
the center of the globe It may be placed at some other desired 
point and still pioject the shadow of the fiamewoik 01 of some paid 
of it on a cylmdei, a cone, 01 a plane. Maps made m such a manner 
are tiue projection maps. In piactice, howevci, most maps aie made 
mathematically by altering true projections 

The chief function of maps is to give a poitiayal of location, direc- 
tion, size, shape, and the differences and similarities in the regional 
nature of natural environment and human activities. The natural 
environment may be seen by studying maps showing distribution of 
climates, land forms, native vegetation, and native animal life. Re- 
gional differences m human adjustments may be seen m many of the 
maps showing distribution of exti active and manufactuimg industries, 
tiansportation, and trade Just as maps showing the natural landscape 
bring out the areal distributions of vanous fcatuics of physical and 
biological environment, so maps showing cultural landscape reflect 
the human use of the eaith and the extent to which the natural land- 
scape has been alteied by man’s works. Such maps show distiibutions 
of crops, cropping systems, domestic animals, mines, factories, and 
urban centers. In some densely populated areas human beings have 
almost completely altered the natural landscape. In other areas, espe- 
cially the sparsely populated ones, the natural landscape may be nearly 
or completely unaltered by man’s work Maps help man to under- 
stand the forms or patterns of varying cultural landscapes which he 
has developed m different natural landscapes. 

Maps are sometimes misleading, as may be biiefly illustrated by the 
Mercatoi projection on which Greenland is larger than South America, 
whereas m reality it is only one-ninth as large as that continent. Since 
maps are utilized to show so many things by great numbers of agencies 
—political, industrial, commercial, and academic— it would seem no 
more than logical to assume that students should know something 
about the most common map projections. Human affairs are of vital 
interest to all of us, Thus, maps that show places and help answer 
questions of “Where in the world is it s ” or “Where did it take place?” 
become essential to a wide range of school subjects and of funda- 
mental importance in a liberal education. 
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Maps often seive piactical eveiyday functions Thus, maps help 
vacationists, tourists, and traveleis in general to reach their destina- 
tions, whethei by road, laihoad, or waterway Maps issued by the 
Weathei Buieau show piecipitation, temperatm.es, and cloudiness. 
Such maps aie caiefully studied by great numbers of tiaveleis, faim- 
cis, manneis, aviatois, and tradespeople The frmt glowers and ship- 
pcis can often take piecautions against destructive frosts if they study 
and mteipiet the maps correctly The extent of their profits may 
indeed be deteinuned by the degiee to which they can understand 
such maps 

The Ideal Map Projection The most desirable properties to have 
in a map aie (1) tiuth of aiea, (2) truth of shape, (3) exact direction, 
(4) correct distance oi scale, (5) mendians and parallels shown as 
straight lines, and (6) gieat circles (shortest distance between two 
points on the globe) of the sphere shown as stiaight lines No map 
piojection can possibly combine all these qualities Foi some par- 
ticular purpose we may have a map projection that fulfils exactly 
some one condition. Foi example, if we wish to show the areal extent 
of some commodity that is pioduced in higher as well as lower lati- 
tudes we would want a map that has truth of area, that is, an equal- 
atca map But some cqual-aiea maps have pool shape Thus, if we 
wish to show the exact shape of some small geographical feature, such 
as a bay, lake, or cape, we will select projections that pieserve shapes 
of small aieas They aie called conformal map piojections. Yet such 
map projections generally do not preserve the shapes of large areas, 
as compaied with the same areas on the globe. 

Although maps are often made to fulfil some one condition or to 
satisfy some particular use, they are more commonly the lesult of 
eompionuse That is, attempts are made to bring together various 
desirable features m one map, with as little erroi as possible. 

Map Projections 

Characteristic Features of Map Projections. The globe shows the 
various space relationships of the earth’s lands and waters with the 
minimum amount of distortion and the greatest degree of accuracy. 
But the globe is not, for most practical pui poses, a suitable instrument 
for the representation of the earth’s surface Hence, the features of 
the globe are represented on plane surfaces. 

In projecting the earth features of the globe onto a plane surface, 
serious difficulties are encountered, since no part of the surface of a 
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spheie can be spiead out in a plane without some distortion. This 
can be seen by attempting to flatten a part of an orange peel The 
outer pait will stretch and tear befoie the cential pait will come into 
the plane with it This is the major difficulty encountcied m map 
making Thus, a peifect lepiesentation of the featuies of a globe on 
a plane surface is impossible, but theie arc many dtffeicnt ways of ob- 
taining appioumate lesults 

In all map piojections theie is a systematic diawmg of lines lepic- 
senting mendians and parallels on a plane suiface, eithei foi the whole 


CENTRAL CYLINDRICAL 



Fig 4 The various cylindrical projections show meridians and paiallels as straight 
lines and have an advantage over some of the other projections in being easily 

constructed 


world or some part of it The shape of the piojected parallels and 
meridians and the shape of aieas drawn on the map will depend on 
the method or type of piojection used An examination of map pio- 
jections reveals that some of them have stiaight lines foi mendians 
and parallels, and that others have curved lines; some represent areas 
with a great amount of distortion m size, whereas others are dis- 
torted in shape 

The Cylindrical Projections Cylindiical projections afford some 
of the simplest methods of showing the various features of the earth 
on a plane surface (Fig. 4). The central cylindrical piojection may 
be constructed by placing a cylinder around a globe Then from the 
center of the globe project the surface of the globe onto the cyhndei. 
Other cylindrical projections are (1) the equidistant cylindrical pro- 
jection m which paiallels and meridians are spaced equal distances 
apart, and (2) the equal-area cylindrical piojection which is mathe- 
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matically constructed so that the sizes of areas on the map are to each 
other as they are on the globe 

Mercator Projection The Mercator is the best known and most 
widely used of all the cylindrical projections (Fig 5). Like the other 
cylindrical projections, the Mercator contains parallel and equidistant 
straight lines that represent meridians which are drawn at right angles 
to the parallels. In all the cylindrical projections there is an mcreas- 



Fk. 5 The Mercator is one of the best known of the map projections Advan- 
tages (1) Any straight line is a rhumb line, (2) all directions are accurately 
shown, (3) all parallels cross all meridians at right angles as on a globe Disadvan- 
tages (1) There is much exaggeration of relative area in high latitudes, (2) the 
scale of miles vanes with latitude, (3) the shortest distance between two points 
is not a straight line except on the equator or on any given great circles The 
Mercator is useful m plotting maps where directions must be featured, as for air 
or marine navigation and wind directions 

mg distortion of longitude with increasing distances away from the 
equator, since meridians are shown as parallel lines, in contrast to the 
converging lines on the globe. For example, on the earth the mend- 
lans at 6 0° noith and south latitude aie appioximately half as far 
apart as they aie at the equator, whereas on all the cylindrical projec- 
tions meridians are everywhere equidistant In order to retain the 
t correct shape of any small areas on the map, it becomes necessary, 
therefore, to increase every degree of latitude toward the pole in 
exactly the same proportion as the degrees of longitude have been 
lengthened by the projection Such proportional adjustment of lati- 
tudinal to longitudinal distances has been accomplished in the Mercator 
projection, This preservation of the constant relationship between 
the latitudinal and longitudinal lines, as indicated previously, is the 
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chief reason why the Mercator projection was designed foi use by 
mariners On this projection a course can be laid as a straight line 
The latitude and longitude of any place is readily found fiom its 
position on the map In addition, the convenience of plotting points 



Fig. 6. Conic projection Advantages (1) It is easily constructed, (2) it is 
relatively accurate for small areas at or near the line of tangency, (3) parallels 
and me rid ian s intersect at right angles Disadvantages (1) Inaccuracy increases 
with distance from die lme of tangency, (2) east-west directions are not straight 
lines The come projection is used in mapping states, small countries, or othci 

small areas. 

or positions by straightedge acioss the map from the marginal divisions 
prevents errors, especially in navigation 
Although the Mercator projection is widely used in the construction > 
of world maps, it has been seriously criticized, the chief objection 
being the distortion of areas m higher latitudes. Thus, as previously 
mentioned, on a Mercator map of the world, Greenland appears to 
be larger than South America, whereas in reality South America is nine 
times as large as Greenland At $0° of latitude an area is 36 times as 
large as one of the same size at the equator, and at 89° an area diawn 
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on the Meicatoi piojection is represented as more than 3,000 tames as 
large as an equal-sized area at the equator. But the polar regions are 
after all the best places to put the maximum distortion, since our in- 
terests are centered mainly between 65° north and 55° south latitude 
Come Projection. In the making of maps conic projections are 
widely used Of these, the simple conic has the advantage of being 
easily constiucted In its constiuction a cone may be placed on the 



Fig. 7 Polycomc projection The central meridian of the polyconic piojec-t 
tion is straight and vertical Parallels cross the meridians at true distances from 
equator and poles Each parallel is divided truly m propoition to its length on the 
globe, and the curves connecting the divisions mark the meridians There is dis- 
tortion of die scale at the sides of the map as indicated in the right-hand figure 
In die actual map these gaps do not appear, but the scale near the margins of the 
map is enlarged to distribute the error (Taken by permission from Geography 
for Army Training Program, John L Rich, Daniel R Bergsmarlc, and Urban J 
Linehan, mimeographed for use at the University of Cincinnati, 1944 ) 


globe From the center of this globe (O) straight lines are drawn out- 
ward, which project the earth’s suiface onto the surface of the tangent 
cone (A, B, C). When this projection is made on a cone tangent to 
the globe at 30°, the unrolled conical map takes the form of a semi- 
circle (Fig. 6) 

All distances drawn along the parallel that is tangent (x, y) to the 
cone will correspond exactly with those of the globe, but, with dis- 
tance away from tins line of tangency, distortion increases. The conic 
map is widely used, therefore, to show small areas and regions that 
have a considerable longitudinal extent Thus Euiope, stretching east- 
west through approximately 51® of longitude and only 40° of latitude, 
is frequently drawn on a conic projection, in which the line of 
tangency coincides with 55° north latitude. The conic projection is 
also used to show small areas, these areas being drawn along or neai 
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the line of tangency m order that they may be shown with the least 
amount of distortion 

Polyconic Projection One of the major disadvantages of the conic 
projection is the increasing distortion of areas with inci casing dis- 




Fig 8 Modified come projection Advantages (1) The scale of the map is 
correct along two standard parallels, (2) distortion of shapes and sizes is small, 
(3) meridians and parallels intersect at right angles The major disadvantage is 
slight distortion of shapes and sizes except along the standard parallels (Modified 
from Deats and Adams by John L Rich, Daniel R Bergsmarlc, and Urban J 
Linchan, Geography for Army Tramrng Program, mimeogiaphed for use at the 
University of Cincinnati, 1944.) 


tances from the line of tangency. It appears, theiefore, that a num- 
ber of lines of tangency would reduce this distortion. This is ac- 
complished in the polyconic projection m which any number of 
parallels may be used as lines of tangency. 
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Like the conic piojection, the polycomc is used in mapping small 
aieas, and for this purpose it is one of the best of all map projections 
It is much better than the come projection m showing areas that have 
a considerable latitudinal extent (Fig 7) 

Modified Conic Projection A come projection may be constructed 
with two standard parallels by having the cone cut the earth’s sur- 
face at two selected parallels A map made with this projection is 
accuiate along the two paiallels of intersection and is 1 datively ac- 
curate throughout its extent, provided it does not cover moie than 
16° to 20° of latitude (Fig 8) 

Lambert Conformal This projection is a mathematical modifica- 
tion of the conic projection in which the cone cuts the earth’s sur- 
face at two selected parallels Latitudes 33° N and 45° N are com- 
monly used m making a map of the United States. The modifications 
consist in so spacing the parallels that all quadrangles have the same 
lelative proportions on the map as on the globe The map is correct 
along the parallels of intersection, and the distortion is small in other 
paits of the map, provided the aiea mapped is no larger than the 
United States Any straight line on the map approaches the great- 
circle route, and the scale is relatively accurate The map is widely 
used m American air services 

The Gnomonic Projection. This projection is constructed by pro- 
jecting, the surface of a globe from its center onto a plane touching 
the globe’s surface at a point— the center of the area to be mapped 
(Fig. 9) A feature of this projection is that any great circle is shown 
as a straight line Conversely, any straight line drawn on the map 
is a projection of an arc of a great circle Consequently, the route 
representing the shortest distance between any two points on the map 
is a straight line connecting them 

In following a great-circle route one does not maintain a constant 
compass direction unless he is following the equator or a meridian 
It is a common practice, therefore, to lay out the gieat-cncle route 
as a straight line on a gnomonic map Then the route is transferred 
to a Mercator map on which are charted all points where the routes 
cross meridians These points can then be connected by short straight 
lines that show true directions on the Mercator map. At each point 
the compass can be set to the new direction to be followed By such 
a method of navigation one follows the great-circle route only ap- 
proximately. 

The Sinusoidal Projection. The sinusoidal is one of the simplest 
of all projections to construct Parallels preserve the same distances as 
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Fig 9 Gnomomc projection is made from the earth’s center onto a plane 
touching the earth’s surface at a single point Advantages (1) Any straight line 
on the projection is part of a great circle, (2) the shortest distance between any 
two points on the map is a straight line, (3) excellent projection is given foi a 
map of polar regions Disadvantages (1) Theie is distortion of scale towaids the 
border, (2) directions near the edge of the map ate hlcely to be confusing 
(From photo of model by Bcchtold, taken by permission fiom Geography foi 
Army Training Program, John L Rich, Daniel R Bergsmailc, and Urban J Lmc- 
lian, mimeographed for use at the Univcisity of Cincinnati, 1944) 



Fig 10, Sinusoidal projection of the world 
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on the smface of the spheie that is being projected. The equator 
and mid-meridian are drawn at right angles Parallels are straight 
lines drawn tiue to scale, that is, equal m length to the arcs of the 
paiallels of the spherical suiface that is being projected Along any 
given parallel equidistant points are established for the meridians, 
which when drawn become cosine curves (Fig 10) 

Although the sinusoidal is an equal-area projection, it does not pre- 
serve tiue shape in all its parts Near the center and along the equator 
there is compaiatively little distortion, but progressively poleward the 



Fig 11. Showing Goode’s interrupted homolographic projection 


distortion of shape increases until the polar aieas appear to be con- 
siderably pinched together The sinusoidal projection is therefore 
widely used in mapping tropical areas, and such continents as South 
America and Africa It also constitutes a part (from the equator to 
40° N and 40° S) of Goode’s homolosine projection 
The Mollweide Homolographic Projection. This projection has 
been designed to represent the entire surface of the globe without 
distortion of aieas, it shows a proportionality of areas on the sphere 
with the corresponding areas of the projection. 

The homolographic projection possesses several distinct advantages 
It represents the whole world on a single complete map, it is equal 
area, and its parallels and mid-meridian are straight lmes On the other 
hand, there is one major disadvantage to this type of projection m 
that areas mapped near its outer border have gieat angular distortion 
Goode’s Interrupted Homolographic Projection. This is a modifica- 
tion of Mollweide’s homolographic projection (Fig 11). On Moll- 
weide’s map, areas along the mid-meridian are accmate in shape and 



30 GEOGRAPHICAL SIGNIFICANCE OF SPACE RELATIONSHIPS 

size, whereas areas in high latitudes away fiom the mid-meridian arc 
badly distoited J Paul Goode found that a number of mid-mendians 
could be diawn arbitianly from one pole to the equatoi, with each 
continent centered on a mid-meridian m older to give it the best form 
—North America around the mendian of 100° W, Eurasia 60 ° E, South 
America <50° W, Africa 20° E, and Austiaha 150° E. 

Conclusions The map piojections just descnbed illustiatc some of 
the ways m which the suiface of the globe may be shown on a plane 
surface Not all these piojections, however, may be satisfactory fox 
the same puipose. Thus the Mercator piojection is of gicat seivice 
to navigatois, since it shows directions in the course of stiaight lines 
On the other hand, this projection greatly exaggerates the size of 
high-latitude areas For showing such legions the conic projection is 
better than the Meicator The conic piojection, however, was de- 
vised partly for showing areas that have considerable longitudinal ex- 
tent, just as the polycomc is used to show regions that stretch thiough 
many degrees of latitude In addition, both projections are excellent 
for the mapping of small areas When it is necessaiy to map the 
entue world, the sinusoidal, homolographic, Goode’s interrupted 
homologiaphic, and Goode’s homolosine aie among the projections 
that may be used. 

Relief Maps 

Practically all the nations of the world have either made or arc now 
making topographic or relief maps of their land possessions. In Euiope 
the making of these maps has been laigely inspired by military con- 
siderations— a desire and necessity for knowing the irregularities and 
featuies of the topography in order to facilitate the moving of ma- 
chinery, the placing of troops, and the digging of tienches. In the 
United States the mam object has been to furnish maps suitable foi 
the economic development of the country— the study of its geological 
structure and resources and the planning of engmeeiing projects 
These maps are widely used in geological work. It is even possible 
to interpret the age of the land forms, the nature of the soil, behavioi 
of streams and subsurface waters, and the underground structure of 
many parts of the countiy from a good, detailed topographic map 21 

Methods of Showing Relief. Three common methods for showing 
relief on topographic maps are shading, hachures, and contours. Some- 

21 C L Dalce and J S Brown, Interpretation of Topographic and Geologic 
Maps, McGraw-Hill Book Co , 192J 
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times merely one method is employed, but frequently a combination 
of two or all of these methods is seen on topographic maps The 
European map makeis, by their use of contouis, hachures, and light 
shade effects, have so perfected methods of showing diverse forms 



Fig 12 Showing relief by means of hachures and contours (U S Geologic 

Survey ) 


of the earth’s surface that even on a small-scale map of the Swiss Alps, 
for example, we may see befoie us the wonderful complexity of moun- 
tains, deep valleys, Snowfalls, and glaciers , 22 
Relief maps designed for the public schools commonly employ a 
variety of shades to indicate areas of different elevation. This device 

aj C C Adams, “Maps and Map Malang,” Bulletin of the American Qeo- 
KMpbtcal Society, Vol 44, p 195 
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(shading) is paiticulaily advantageous in showing the lelief ovei huge 
areas of land and in giving a generalized impression of the surface fea- 
tuies, but where accuiacy is required the contour map is employed. 
On some French maps both contouis and vaiious shades aie diawn in 
order to indicate lelief 

Hachures are a type of shading in which lines arc used. The lines 
aie short and are diawn down slope, that is, they show the duection 
in which water would flow downhill, and the shape of the hill becomes 
quite appai ent fiom the lines The moie closely the lines aie spaced, 
the steeper the slope The hachuie method is quite commonly em- 
ployed in Euiopean maps, such as in making the Caite de Fiance and 
vaiious Gennan and Swiss maps Hachures aie sometimes combined 
with contours to mciease the vividness of expression, as on the British 
ordnance maps But maps that show hachuies only are less exact than 
those in which relief is indicated by contours. 

“The contour system is used on the U S Geological Suivey maps, 
Japanese Government maps, on the German and Swiss 1 25,000 maps, 
m conjunction with hachures on the English oidnance, and with shad- 
ing on the new French map and the maps of Norway, and with both 
hachures and shading on the lecent edition of the Geiman 1*100,000 
maps." 23 

Contours appear on maps as cuived lines, in some places close to- 
gether and in others far apait These lines on the map lepiesent imag- 
inary lines at the eaith’s surface drawn through all points of equal 
elevation (Fig 12) Thus a contour line marked 100 means that every 
point on this lme is just 100 feet or meteis, as the case may be, above 
average sea level. The veitieal distance between the contom lines is 
called the contour interval, and it is indicated somewheie on the map 
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Chapter 2 


OUR CLIMATIC ENVIRONMENT 

CLIMATIC CONDITIONS AND HUMAN RESPONSES 

Weather and Climate. Weather represents the physical conditions 
of the atmosphere , 1 especially with respect to tempeiatuie, moisture 
conditions, winds, and pressuie at any given time 01 ovei a short 
period of time such as a day, a week, or a season Climate is the com- 
posite of weather over a long period of time such as decades, centuries, 
or millenniums 

Weather and climate affect the actions and well-being of every 
person every day of his life. Both m woilc and in play all peoples 
adjust their actions to climate and weathei Baseball, tennis, swim- 
ming, sluing, skating, and othei sports are each better suited to some 
climates and weather conditions than to others. The number and 
kinds of crops that can be giown m any region aie restneted by 
weather conditions In fact, a close study of the influences of climate 
on man reveals that human activities aie at all times and in all places 
closely hedged about by climate and weathei 

Climate affects man directly through its influence on his body, mind, 
and character, and indiiectly through its effect on the plants, animals, 
soil, topography, and even certain mmeial lesources Climate not 
only sets broad limits on the number of people a region can support 

l The atmosphere is composed of air and its impurities— primarily moisture 
and dust Air is a mixture of gases and is not a chemical compound It con- 
sists of 78 per cent nitrogen, 21 per cent oxygen, and 1 per cent made up of 
several gases of which carbon dioxide is the most important The average 
weight of the atmosphere at sea level is 147 pounds per square inch It is 
equivalent to the weight of 29 92 inches of mercury, or to 1013 2 millibars 
Since the atmosphere exerts equal pressure in all directions at any given point, it 
is common to speak of the force exerted as atmospheric pressure rather than as 
weight Since the atmospheric pressure at any elevation is the result of the 
weight of the atmosphere above that height, the pressure decreases with increase 
of altitudes Thus at 18,000 feet the pressure is approximately one-half that at 
sea level, whereas at 40,000 feet it is approximately one-fifth that at sea level. 

34 
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but also influences the nature and extent of man’s achievements within 
each region. 

The climates of Labrador, the Congo, the Sahara, India, and England 
are scarcely more diverse than the characteristics of their respective 
inhabitants The peoples differ markedly from one region to another 
in then mental aleitness, physical vigor, occupations, customs, man- 
ners, homes, food, and clothing These contrasts lesult fiom a com- 
bination of many factois, the most potent one being climate The 
unifying influences of modern commeice and rapid communication 
may soften the contrasts but can never entirely bieak them down 
Thus the natives of Labrador can never grow plantain, go practically 
naked throughout the year, live in flimsily built houses open to the 
elements on all sides, or do any of a dozen other things that are com- 
mon m many tropical regions 

The average native of the Labrador coast finds nature niggardly 
with her gifts The scant soil left after glaciation is unyielding be- 
cause of the cold, bleak winds off the ice-chilled current which bathes 
the eastern shore Since man cannot make a living from the land he 
has turned to the sea Here the prime source of wealth is the fish of 
the North Atlantic But the fisherman who would obtain a livelihood 
fiom these waters must work hard, brave many dangers, and endure 
privations m order to secure the bare necessities of life for himself 
and his family His little shack of one or two rooms contains none 
of the luxuries and few of the comforts of the average American home 
Yet he should not be condemned for providing so poorly, but rather 
praised for doing so well His life is a hard one Fog, ice, wind, and 
cold all combine to make fishing a dangerous and difficult task Cour- 
age, resourcefulness, and self-reliance, to an eminent degree, are neces- 
sary to wrest a livelihood from the stormy North Atlantic with the 
meager equipment possessed by the natives. 

These harsh living conditions that are experienced along the barren 
coast of Labrador contiast sharply with the ease of existence in parts 
of the humid equatorial forests. Within the latter areas, nature is so 
lavish with her gifts that the native may provide for his simple ma- 
terial wants with a minimum of effort He requires scant clothing 
and little fuel, his house is merely a shelter against the rain and can 
be built quickly and easily from native vegetation, and the harvest 
season lasting throughout the year makes it unnecessary to provide 
food foi the future All nature seems to have conspired to discourage 
thrift. 
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The natives of many ttopical lands see little need foi diligent and 
sustained effoit, and, m addition, they aie seldom physically fit foi 
more than light and intermittent work. The hot, humid climate is 
eneivating, and the diet is, in geneial, monotonous and not veiy nour- 
ishing. The ternble plagues of insects— the leal “feiocious beasts” of 
the equatonal foiest and the most to be feared-make life miserable 
most of the time The heavy, stale humidity and the gieen gloom of 
the tropical forests aie depressing The thick loof of foliage shuts 
out the sunlight, the source of health and good spirits, and, as a lesult, 
the native possesses neither physical noi mental vigor. Under such 
conditions stagnation seems almost inevitable. It is only when in- 
vasions fiom the tempeiate zones bring new blood and gieater vigor 
into the tropical forests that notable piogiess is made. 

Man’s adjustment to the envuonment of the ttopical foiest is no 
more pionounced than it is to the environment of the desert and 
steppe The former realm is conducive to mental lassitude; the latter 
stimulates a spirit of restlessness and alertness Moreover, the deseit 
nomads have for the most pait a wholesome and nourishing diet of 
milk, meat, bailey, dates, and other foods suited to their envuonment, 
they live an active out-door life as they follow their flocks and herds 
or make forays against other tribes. Although the climate is some- 
what debilitating, the greatest hindrance to pi ogress is the lack of 
opportunity for producing and accumulating any considerable amount 
of wealth thiough diligent and persistent effort. The degiee of pros- 
perity seems to depend more on the uncertain element of rainfall than 
on the labois of man. When pasture is plentiful and the watering 
holes numerous, the flocks and herds increase without extra care by 
the nomads. If the pasture dries up and the water disappears, the 
animals pensh in spite of anything the natives can do Such conditions 
afford little encouragement for honest labor. 

The tendency has been for the population of the desert and steppe 
to increase more lapidly than the food supply, causing the nomads, 
especially during bad years, to resort to robbery, pillage, and con- 
quest in order to survive. Ellen Churchill Semple says “From time 
immemorial they [the great deserts and steppes extending across the 
Old World] have born and bred tribes of wandering herdsmen, they 
have sent out the invading hordes m successive waves of conquest, 
have overwhelmed the neighboring river lowlands of Eurasia and 
Africa. They have given birth in turn to Scythians, Indo-Aryans, 
Avars, Huns, Saracens, and Turks, as well as to the Tuareg tribes of 
the Sahara, the Sudanese, and the Bantu folk of the African grass- 
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lands.” s The will to live is strong. Therefoie, when the pastuies 
of the deseit and the steppe are not sufficient to support the flocks 
and heids, the very life of the nomad and his family depends on his 
willingness and ability to pillage, plunder, or conquer The nomad 
feels that natuie has made these acts necessary, the purpose of the 
acts— to provide food for the family— is a noble one, and consequently, 
success in achievement is legarded with pude and not with shame 

The lelation between climate and human thought and action is 
present wherevei man goes The climate best suited to lapid human 
pi ogress, at least from the material aspect, exists in the humid parts 
of the uppei middle latitudes wheie the most highly developed civi- 
lizations of the world are found. Within these regions nature is 
neither so lavish with her gifts as within the wet tropics, nor so un- 
yielding as within the deserts and steppes Millions of men who live 
m these most temperate lands, after providing for the necessaries and 
luxuries of life, still find time available for leisure Since the climate 
is stimulating, man is too energetic to spend his time idly Conse- 
quently, leisure affords opportunity for progress. 

WEATHER THE UNCERTAIN FACTOR OF OUR PHYSICAL 
ENVIRONMENT 

Not only do climatic conditions differ from one place to another, 
but of equal importance to man is the fact that the weather varies from 
one year to the next in a very uncertain manner. Other elements of 
our physical environment, such as soil and watei, are just as basic 
to man’s welfare as weather is, but the weather gives man most con- 
cern since it is the only factor subject to pronounced variations m 
short periods of time. One summer is too wet, the next too dry, one 
spring is late, the next early, one autumn has seveie frosts, the next is 
frost free. Every harvest season brings joy or disappointment, as the 
case may be, to millions of families whose well-being is closely related 
to the nature of the season. If the causes of these vanations were 
definitely known and their nature could be forecast, the evil effects 
could be mitigated. Unfortunately, little progress has been made in 
this direction. Climatologists, however, are not without hopes of 
improvement in long-time forecasting The study of polai climates, 
upper air cunents, sun spots, ocean currents, and other factors that 
affect our climate may help in the solution of the problem. 

a Reprinted by permission from Influences of Geographical Environment , Ellen 
Churchill Semple, Henry Holt & Co , 1911, p 7. 
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Uncertain weathei vanations are of far greatei consequence in some 
parts of the world than in otheis. For example, the lainfall is much 
more reliable m eastern United States and west-central Euiope than 
in most of Asia, Australia, and South Amenca It is a well-known 
fact that in parts of India, China, and Australia years of plenty aie 
followed by years of deaith, owing laigely to the vanation m rain- 
fall An extieme example of unreliable rainfall is that of Onslow, in 
western Australia, where m 1902 the rainfall was only 0 57 inch and 
the aiea took on the appeaiance of a deseit, ten yeais latei the pre- 
cipitation of Onslow was 26 96 inches— sufficient foi an excellent crop 
of wheat Onslow is not the only part of Australia that suffers because 
of unreliable precipitation In fact, the prosperity of the entuc con- 
tinent is bound up with the amount of lain and its seasonal distribu- 
tion Giiffith Taylor says “The dread enemy who has mined thou- 
sands is King Drought Frost scarcely affects the country at all, 
floods are only occasional and their damage is localized, but the fear 
of drought is always present ” 8 The effect of a series of bad seasons 
is strikingly shown by the fact that the drought of 190 1-1 902 caused 
the death of millions of sheep and a loss of moie than ®600,000, 000 to 
Australia 4 (Fig 13) The extent of this loss can be better under- 
stood when it is realized that it represented moie than $500 per family 
for the entire continent 

In eastern United States, on the other hand, the rainfall is fairly 
reliable. The annual precipitation seldom departs more than 20 or 30 
per cent from the average, and although crops may be injured they 
are seldom ruined by drought or excessive moisture. 

Precipitation is not the only uncertain variable in climate which 
affects man’s well-being Each region has its own particular weather 
element which gives the farmer and the business man most cause for 
worry. Central Flonda seldom suffers greatly from dioughts or 
floods, but severe or untimely frosts may bring nun to thousands of 
fruit growers and thereby injure business throughout the state as it did 
in 1892 and 1940 Although frosts never occur in the lowlands of the 
East and West Indies, these islands are visited by the dreaded huin- 
cane which devastates large areas each year. So it is in almost every 
part of the world The oasis tribe dreads the rain, the Kansas farmer 
fears the drought, frost, hail, and the tornado, the Texas farmer may 
have his crops destroyed by hot winds; and fog, ice, and winds are 

8 Reprinted by permission from Australian Meteorology, Griffith Taylor, The 
Clarendon Press, 1920, p 136 

4 Griffith Taylor, Australia, The Clarendon Press, 1919, pp. 14Q-,141, 
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almost continuously talcing their toll along the commerce lines of the 
North Atlantic No region escapes, but the toll exacted by adverse 
weather conditions is much greater in some parts of the world than 
in others 



tralia The dotted line shows the rainfall for ten Riverma stations. The drought 
of 1898-1899 was of short duration, but the droughts culminating m 1902 and 
1914 lasted for years and were widespread That of 1902 was the most disastrous 
on record Millions of cattle and tens of millions of sheep died or had to be 
lolled because of insufficient pasture and water to support them (Geographic 
umverselle, Armand Collins, Pans, 1928, Tome X, p. 175, and Australia m Its 
Physiographic and Economic Aspects, Griffith Taylor, Clarendon Press, 1919, 

p. 139 ) 

In a world of rapidly expanding commeicial development, the climate 
of any given region is of more than local interest A season of severe 
hurricanes in. the West Indies and Florida may increase the price of 
bananas in the United States, cause West Indian sugar stocks to de- 
preciate m value, injure land values in Florida, and in a dozen other 
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ways adversely affect business in the United States A di ought m 
Australia may increase the puce of wool and wheat in Euiope, un- 
seasonable fiosts in Floiida may increase the cost of oianges and grape- 
fruit throughout the United States, and a pool season m the Amencan 
cotton belt may bring about higher puces of cotton goods even in 
the most remote and isolated paits of the woild The puce of wheat 
in North Dakota is lelated not only to the amount of local production, 
but also to the yield in Canada, Austiaha, India, Aigentina, and Russia 
A severe drought m Argentina oi Austiaha may add to the piospenty 
of the North Dakota farmei 

Climatic conditions also affect the pioblems of distribution of goods 
Railroads and highways aie difficult to build m hot wet jungles, in 
deserts, and m the cold polar legions Snow, hail, sleet, flood, heat, 
humidity, and wind each cieates pioblems m transposition The 
aviator needs an intimate knowledge of the atmospheie through which 
he flies In fact, his grasp of the subject should be such as to enable 
him to derive the greatest possible advantage fiom every condition of 
wind and weather along his route. 

Since climate affects production and distubution m so many ways, it 
is essential that the student of economic geography have a general 
knowledge of the fundamental elements of climate and of their be- 
havior m various parts of the world. He should know the majoi 
climatic types of the earth, together with the basic principles that 
govern the characteristics and general distribution of weather phe- 
nomena of each type; he should know the general distribution of 
production so far as it is related to climatic conditions, and finally, 
it is very important that he be able to appraise, within reasonable 
limits, the weather hazards to production, preservation, and distribu- 
tion of major commercial products in each part of the world. 

THE FUNDAMENTAL ELEMENTS OF CLIMATE 

The three fundamental elements of climate which all living creatures, 
plant or animal, persistently demand, and on which then supply of 
food, directly or indirectly, depends, are heat, light, and moisture 
The basic factors in the distribution of these elements are (1) the posi- 
tion of the earth with respect to the sun-the condition that governs 
the amount and distribution of heat (insolation) received by any part 
of the earth, and (2) the nature and circulation of the atmosphere, 

Temperatures of Atmosphere. Atmospheric temperatures which 
make life possible on the earth result from insolation— heat from the 
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sun. Part of the heat of the atmosphere is the result of the absoiption 
of heat rays directly from the sun, a larger poition of the heat of 
the atmospheie is leceived mdnectly from the sun, that is, the short 
heat rays from the sun are first absoibed by the earth, which, m turn, 
gives off long heat waves that are more readily absoibed by the 
atmospheie than are the short solar rays 

The two systems of measuring temperature in common use are 
lepiesented by the Fahrenheit and the centigrade scales By the 
Fahrenheit scale, 180° lepresent the difference between freezing and 
boiling (32° and 212°, respectively) whereas, by the centigrade scale, 
100° represent the diffeience between freezing and boiling (0° and 
100°, respectively) Thus 100° C. is equal to 180° F or 1°C is 
equal to % of 1° F * 

Insolation and Its Distribution. The amount of heat received from 
the sun each year is sufficient to melt a layer of ice 241 feet thick over 
the entire earth. This energy from the immense powerhouse 92,000,- 
000 miles away produces, directly or indirectly, all the varied phe- 
nomena of weather. It is the prime cause of all the diverse currents 
of the an, whethei they are the gentle breezes and moderate winds so 
necessary for the distribution of moisture, the destructive hurricanes 
which sweep across sections of the tropics with such fury, or the 
terrifying tornado which represents the culmination of violence in 
air movements 

As indicated by the following study, the amount of heat leceived 
from the sun. varies greatly from one place to another, and at any 
given place it vaiies materially from one time to anothei 

Day and night. It is common knowledge that in all parts of the 
world days are warmer than nights. The extent of the diurnal range 
depends largely on the nature of the atmosphere. If the earth had 
no atmosphere, the days would be broiling hot, the nights piercing 
cold, and the diurnal range would be measured m hundreds of degrees. 
The atmosphere, however, is a moderating influence which acts as a 
shield against the sun’s rays during the day and retards radiation dur- 
ing the night The tempering influence is especially effective when 
the air is heavily laden with moisture, as m many places located on 
windward coasts and in the belt of equatorial calms Under such con- 
ditions the average diumal range may not exceed 5° to 7° F On the 

B To convert a temperature reading from centigrade to Fahrenheit, multiply 
the centigrade temperature by % and add 32°— the freezing point on the Fahren- 
heit scale To convert fjrom Fahrenheit to centigrade, subtract 32° from the 
Fahrenheit temperature and multiply by % 
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other hand, when the atmospheie is cleat and relatively fiee from 
moistuie, as in most paits of tiopical deserts, a diurnal lange of more 
than 50° F. is not uncommon 8 

Latitude and insolation Latitude is the important factoi in de- 
termining the distribution of insolation The moie nearly vcitical the 
sun’s lays, the moie concentrated they aie at the eaith’s suiface and 
the less atmosphere they must penetrate (Fig. 14). As a result, othei 
things being equal, temperatures decrease with increasing latitude. 
But for the circulation of the atmospheie and ocean waters, with the 
resultant tendency to equalize temperatures over the eaith, the equa- 



Fig 14 Latitude is the most important factor in determining the distribution of 
insolation The more nearly vertical die sun’s rays, the more concentrated they 
are and the less atmosphere they must penetrate before reaching the earth. 

tonal regions would be much hotter than they are and the polai le- 
gions much colder If the heat of the equatorial belt were not con- 
stantly carried away by the winds and ocean cunents, the low lati- 
tudes would become too hot for the home of man and also for the 
existence of most of the plants and animals that thrive there Likewise, 
without the influence of ocean currents and winds warmed by the heat 
of tropical and temperate zones, the polar regions would become much 
colder than at present. 

SEASONS AND EFFECT ON LIFE 

Some of the most common and yet most notable experiences of all 
life are those resulting from changes of season If the axis of the 

8 The dtumal range of temperature represents the difference in temperature 
between the warmest and the coldest times of day The mean temperature of 
a day is usually determined by taking the average of the hottest and the coldest 
temperatures Greater accuracy may be obtained by taking the average for 
four or more temperature readings instead of two The annual range of tem- 
perature represents the difference between the average temperatures of the 
wa xmest and the coldest months. 
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earth stood perpendicular to the plane of the earth’s orbit (the path 
it describes in its journey around the sun), there would be no seasons, 


days and nights would be equal 
everywhere, and very monotonous 
climatic conditions would ensue. 
But the earth’s axis is inclined about 
23° 30' from a perpendicular to the 
plane of its oibit, and always in the 
same direction Accordingly, as 
the earth moves around the sun, the 
northern and southern hemispheres 
are turned towards the sun alter- 
nately, and each in turn receives 
heat and light on more than half of 
its surface That is, every place 
within the hemisphere turned to- 
ward the sun receives sunlight more 
than half the time and the days are 
longer than the nights Similarly, 
when either hemisphere is turned 
away from the sun, less than half of 
each parallel receives sunlight at 
any given time and the nights are 
longer than the days (Figs. 15 and 
16 ). 

Briefly stated, then, seasonal 
changes are due to (l) the revolu- 
tion of the earth about the sun, 
(2) the inclination of the earth’s 
axis, and (3) the parallel positions 
of the earth’s axis at all times. 7 

The two principal causes of sea- 
sonal variations in temperature are 
(1) the ever-changing angle of the 
sun’s rays at any given place on the 
earth, with effects as previously ex- 

7 Although these three factors alone 
would result in seasonal changes, the ef- 
fect of rotation is also necessary to cause 
seasons such as are experienced on the 
earth. 


A 



B 



MARCH 21 
SEPT 23 


c 



Fn, 15. On March 21 and September 
23 the circle of illumination passes 
through the poles and bisects every 
parallel Therefore, the length of 
day and night is everywhere equal 
On June 22 the entire arctic zone is 
bathed by sunlight and the sun shines 
on more than half of each parallel 
north of the equator The entire 
antarctic zone is m darkness, and the 
sun shines on less than half of each 
parallel south of the equator (See 
footnote 8, p 45 ) 
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plained (p. 43) and (2) the vaiying length of days and nights From 
Match 21 to Septembei 23 the veitical rays of the sun fall north of 
the equator and the noithein hemisphere expenences summer, the 
southern hemisphere, wmtei, fiom Septembei 23 to Match 21 the 
vertical rays of the sun fall south of the equator and the southern 
hcmispheie experiences summei. 

Other things being equal, it is obvious that a place will teceive most 
heat when the days are longest and the nights shoitest. The length 



Fig 16 Seasons are the result of (1) inclination of the earth’s axis, (2) parallelism 
of the earth’s axis at all times, and (3) revolution of the earth about the sun 
Rotation of the earth on its axis is necessary to produce seasons such as are 

experienced on earth 

of day varies with the season in all parts of the world except at the 
equator, where the days and nights ate always equal. During the sum- 
mei six months (March 21 to September 23 in the northern hemispheie 
and September 23 to March 21 in the southern hemisphere) the days 
are longer than 12 houis and lengthen with increase m latitude. The 
raid-summer days of New York aie about 16 hours long; m Fairbanks, 
Alaska, they are 19 hours; in northern Norway the sun does not set 
during the greater part of May, June, and July; and at the North Pole 
the sun shines continuously for six months. Figures 15 and 16 indi- 
cate that on March 21 and September 23 the circle of illumination 
passes through the poles and coincides with the meridians. During 
these times of the year every parallel is bisected by the circle of il- 
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lumination, and hence days and nights aie equal everywhere. On 
June 21 the sun nevei sets within the Aictic Circle and never rises 
within the Antarctic Circle. Moie than half of every paiallel circle 
m the northern hemispheie lies in the sunlight, and the days are cor- 
respondingly longer than the nights, in the southern hemisphere less 
than half of every paiallel circle lies in sunlight, and consequently 
the days aie shorter than the nights 

Characteristics of the Seasons 

Low, middle, and high latitudes each have distinctive seasonal char- 
acteristics The distinguishing features of seasons m low latitudes 
are rhythmic lamfall distubution and variations in the diurnal range 
of temperatuie In middle latitudes, variations in temperature are the 
dominant seasonal characteristics, in high latitudes, summer and winter 
are almost synonymous with day and night 

Low-Latitude Seasons Within the tropics the days and nights are 
almost equal throughout the year s and the sun’s rays are never far 
from perpendicular As a result, the seasonal vanations in tempera- 
ture are not great. In some places the warmest months are only 2°, 
3°, or 4° F warmer than the coldest— seal cely sufficient to be a dis- 
tinguishing characteristic 

However, only a few restricted areas within the tropics have a well- 
distnbuted rainfall throughout the year. In piactically all the densely 
populated areas, the precipitation is rhythmic, affording an effective 
basis for dividing the yeai into seasons 

This seasonal lhythm in precipitation is invariably associated with 
differences in the extent of the diurnal range. Dunng the wet season 
(summer) the heavy blanket of moisture which shrouds the land acts 

8 At the equator, days and nights are always equal since the circle of illumi- 
nation bisects the equator (Figs 15 and 16), and at the Tropics of Cancer and 
Capricorn the longest days and nights are but slightly more than 13 hours 
The following table indicates that the length of the longest day (hence also of 
the longest night) increases slowly with increasing latitude up to approximately 
50°, In die higher latitudes the lengthening of the longest day is measured by 
hours, days, or even weeks for each degree of increase 


Length of Longest Day 


Latitude 

0° 

17° 

41° 

49° 

63° 

Duration 

Wh- 

13 hr. 

15 hr 

16 hr 

20 hr. 

Latitude 

eel 0 

67° 21' 

69° 51' 

t— l 

D 

oo 

90° 

Duration 

24 hr 

1 mo 

2 mo 

4 mo, 

6 mo 
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as a shield against the sun’s heat duiing the day and letaids ladiation 
from the eaith at night. As a result the diurnal range is small— usually 
only 8° to 15° F During the diy season (wmtei), the clcai dry 
atmosphere affords relatively little protection from the vertical rays 
of the midday sun, while at night the heat of the earth is xadiated with 
remarkable rapidity Undei such conditions the diurnal range fre- 
quently exceeds 20°, 30°, or even 40° F 

Middle-Latitude Seasons In the middle latitudes the ycai is nom- 
inally divided into four seasons— spang, summer, autumn, and wintei 
—as determined by the position of the sun. Spnng is commonly re- 
garded as die time between the vernal equinox and the summer solstice, 
summer, the time between the summer solstice and autumnal equinox, 
etc. 

As related to man’s activities and especially to the agricultural in- 
dustries, a more effective division is that of two seasons— summei and 
winter These vary greatly from place to place, both in length and in 
the time of occurrence In some areas the winters are mild and the 
glowing season lasts most of the year Such legions aie suited to 
sugar cane, citrus fruits, and other pioducts that can stand little if 
any frost, in other places the winters are long, and the growing period 
is too short even for the haidy ceicals to mature with ceitamty 
These areas are given to hardy root crops, vegetables, pastuie, foiests, 
or other products that mature quickly or lie dormant duiing the non- 
growing period Lying between those two extremes of the temperate 
zone are situated many of the best mdustnal and agncultuial areas of 
the world today. In some places the glowing season is cut short by 
drought, in other places by frost In some regions, such as the citrus 
fruit centeis of California and Florida, winter is the time of greatest 
industrial activity; in otheis, such as the corn belt, summer is the 
busy season But in all middle latitudes, variation in tempeiatures is 
the most distinguishing characteristic of seasons. A more complete 
treatment of the influence of seasons on man’s activities is given in 
the study of each climatic type. 

“ High-Latitude Seasons. The seasonal range in temperature is more 
pronounced in high latitudes than m either middle or low latitudes 0 
The average temperatures for the coldest month may be 20°, 40°, or 

8 In making these comparisons, one must take into consideration the location 
of places, both in high latitudes and in low latitudes, with respect to land, water, 
and winds, For example, the wind ward-western coasts of high latitudes have a 
small seasonal range, but the windward-eastern coasts of low latitudes have an 
even smaller one. 
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even. 60° F below zero, summei temperatures, especially during the 
heat of the day and ovei dry land, may be almost as high as m the 
upper middle latitudes This extreme seasonal range is favored by 
long summei days and long winter nights In latitude <50° the longest 
day of summer and the longest night of winter are more than 1 8 hours, 
at 66 5° latitude, the longest day or night is 24 hours, and at 70° 
latitude, it is about 2 months Thus, in these high latitudes, winter 
becomes somewhat synonymous with night, and summei with day 

EFFECT OF ALTITUDE ON TEMPERATURE 

Vertical Thermal Gradient. The temperature of the air decreases 
3 3° F , more or less, for each 1,000 feet of increase in elevation Con- 
versely, the temperature of the air increases about 3 3°F with each 
1,000 feet of decrease in elevation This change in air tempeiatures 
as associated with differences m elevation is known as the vertical 
thermal gradient It is not a constant At times the difference m 
tempeiature is more than 3 3°F per 1,000 feet, whereas at other 
tunes it is less In geneial, however, high altitudes are colder than 
low ones of the same region because the air is thinner, contains less 
moisture, and therefore absorbs less heat from the direct rays of the 
sun and holds less of the heat radiated from the earth below Thus 
on the Mexican Plateau (latitude 18° N) the summer temperatures 
are suited to wheat, barley, potatoes, and othei temperate-zone crops, 
whereas on the lowlands of the eastern coast sugai cane, bananas, and 
other tropical or subtropical crops thrive On the still higher plateau 
of Bolivia (12,000 feet), the temperatures are so low, especially at 
night, that cereals may not mature. The cluef ciop is potatoes, but 
pasture occupies most of the land The animal life also reflects the 
low temperatuies The chinchilla and vicuna, both indigenous to this 
highland, are noted for their heavy fur The llama, alpaca, and the 
sheep are the principal domestic animals of the region and the mam- 
stay of the farmers Similarly, in every part of the world the tem- 
peratures of the uplands are lower than those of the neighboring low- 
lands, with lesultant contrasts in life responses 

Yet the temperature of the air over land 10,000 feet high is higher 
than that of the air 10,000 feet above lowland. This difference is due 
to the fact that a land surface at a high altitude may be heated quite 
as much by the sun as one at low altitude, and it then heats the air 
ahove it. Isolated elevations like mountain tops are colder than 



48 


OUR CLIMATIC ENVIRONMENT 

plateaus of the same elevation, because the foimei «ue so well exposed 
to the cooling influence of winds 

Vertical Air Movements and Temperatures. As an uses, the sui- 
rounding pressuie becomes less and the an expands When diy an 
ascends from sea level to an altitude of 17,000 feet the piessuie of the 
air is reduced by appioximately one-half, and the an expands to 
double its volume at sea level. The eneigy lecjuncd to effeu the 
movement of the an molecules wheieby the double volume is occupied 
is obtained at the expense of heat, and hence the tcmpeialuie falls, 
this change is known as adiabatic cooling Since the piessuie falls 
most rapidly in the densest, that is the lowest, stiata of the atmospheic, 
the cooling by ascent will be most rapid theie. 10 Conveiscly, when 
air descends it is compiessed and becomes waimei. 11 This change is 
known as adiabatic he atm g The late of cooling 01 heating that re- 
sults from density changes caused by the veitical movement of dry 
air is 5 4° F per 1,000 feet of altitude. 1 - 

m W G Kendrew, A Treatise on the Principles of Weather and Climate , The 
Clarendon Press, 1930, p 127 

11 The rate of adiabatic change— 54° F for each 1,000 feet— may not he the 
actual rate of change that takes place m the atmospheic .is it ascends oi descends 
The atmosphere contains water vapor, which has required the expenditure of 
energy to be changed from a liquid form into a vapor or gaseous form. This 
energy is stored up as latent heat in the vapor . Assume now that convection 
takes place in an atmosphere that contains an abundance of water vapor Ac- 
cording to the law of adiabatic changes m gases, the air should cool approxi- 
mately 5 4° F. for each 1,000 feet of ascent Suppose that in ascending the first 
3,000 feet the moisture remains as vapor (a gas), then the temperature of the 
atmosphere will be lowered 3 X 5 4° F. or Id 2° F Now suppose that at this 
level the pome of satuiation is reached and that any further cooling causes con- 
densation of the moistuie (reduces the vapor to a liquid), thus forming clouds 
and ram The latent heat stored up m the vapor is now being liberated, and 
the cooling by further ascent is partly counteracted The actual rate of cooling 
may thus be reduced to 2° or 3° F. for each thousand feet Now suppose that 
later the air filled with clouds (water in the liquid form) begins to descend 
Much of the heat of compression will be used up m evaporating the water pai- 
ticles that form the clouds Thus, the temperature, instead of mcieasing 5 4° F. 
for each 1,000 feet, will increase at a slower rate 

The rate of adiabaac change— 5 4° F per 1,000 feet— should not be confused 
with the vertical thermal gradient— approximately 3.3° F for each 1,000 feet of 
difference in altitude, The former change is due entirely to the expansion or 
compression of air as it ascends or descends, whereas the latter indicates a more 
or less permanent difference in the temperature of air strata at different levels. 

12 For a simple discussion of adiabatic heating and cooling see Glen T. Tre- 
wartha, An Introduction to Weather and Climate, McGraw-Hill Book Co., 1937, 
pp 110-113. 



ISOTHERMS AND ISOTHERMAL MAPS 


49 


] 

ISOTHERMS AND ISOTHERMAL MAPS 

A line on which all points have th e sam e average temperature for 
any given period of time js_ called an isotherm, and maps showing 
such tempeiatuies are called iso thermal maps For many meteorolog- 
ical purposes it is better to view the temperatures of any area to be 
studied without the complications that lesult from diveise topog- 
laphy Hence the temperatmes on many isotheimal maps are reduced 
to sea level. This is usually done by allowing 3 3° F for each 1,000 
feet of elevation Thus, if the temperature of any given location 
having an altitude of 10,000 feet is 32° F., it may be placed on the map as 
65° F (32° + 33°) 

Factors Affecting the Trend of Isotherms. If the angle at which 
the sun’s rays reach the earth were the only factor affecting tempera- 
tures, the isotherms would coincide w r ith parallels However, the 
marked deviation of isotherms from the parallels indicates that other 
factois are significant. 

Water temperatures of any given latitude are more uniform than 
those of land, and as a lesult the isotherms are more regular on the 
oceans than on the continents In latitude 60° of the southern hemi- 
sphere, where water entirely encircles the globe, the isotherms extend 
almost due east-west, in the higher latitudes of the northern hemi- 
sphere where the oceans are separated by land masses the isotheims 
depart widely from the parallels (Figs 17 and 18). 

Isotherms are also affected by ocean currents and winds The in- 
fluence of these various factors are nicely illustrated by the isothermal 
charts Thus during the summer season the isotherms are deflected 
poleward ovei the warm land and equatorwaid over the cool water 
During the wmtei the deflections are in the reverse direction Wher- 
evei isotherms cross cold currents they are deflected equatorward, and 
wheiever they cross warm currents they are deflected poleward 

A line on which all points have the same barometnc pressure for 
a given period of time is called an isobar . The average weight of an 
at sea level is equal to that of a column of mercury 30 inches high 
On maps, the pressure, like the temperatures, is commonly reduced 
to sea level. In general, areas with pressures of more than 30 (30 
inches of mercury) are designated by meteorologists as high-pressure 
areas or belts, especially if the pressure of the surrounding area is 
lower than 30; aieas with pressures of less than 30 are designated as 
low-pressure areas. The difference m pressuie is known as barometnc 
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Fig 17 Isothermal chart for January (After John Bartholomew, The Oxford 
Advanced Atlas, Oxford University Press, 1942, p 12 ) 
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gi admit Air flows from high pressure to low pressuie, or down the 
barometric gradient. The greater the difference of air pressure be- 
tween two adjacent areas, the more rapid will be the movement of 
the atmosphere (the stronger the winds) 

The mean annual isobaric map of the southern hemisphere shows 
a belt of high pressure extending almost around the earth near lati- 
tude 35°, the isobaiic map of the northern hemisphere is much moie 



irregular, but it too shows a high-pressuie belt extending around the 
earth between latitudes 20° and 40° (Fig. 19) 

In January the severe cold in the northern continents results m an 
accumulation of air over these land masses and causes high-pressure 
systems (hyperbars) to cover much of the land mass Since air is 
drawn from the oceans, the low-piessure systems (infrabars) over the 
North Atlantic and North Pacific have much lower pressuie than in 
summer (Figs 20 and 21) Thus in the northern hemisphere the 
isobaric map of July contrasts sharply with that of January. 

The unequal distribution of air pressure over the earth’s surface is 
due primanly to (1) the unequal heating of the atmospheie— warm 
air being lighter than cold air, (2) the general circulation of the at- 
mosphere undei the influence of rotation, and (3) the amount of 
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Fra 20 Isobanc chare for Januaiy, (After John Bartholomew, The Oxford 
Advanced Atlas, Oxford University Press, 1942, p 13 ) 



Fig. 21 Isobanc chart for July (After John Bartholomew, The Oxford Ad- 
vanced Atlas , Oxford University Pi ess, 1942, p, 13 ) 
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moisture m the air, 13 The first two of these factors are treated more 
fully in the section dealing with geneial cnculation of the atmosphere. 
(Account for the extreme high ovei noithein Asia in Januaiy, account 
for the extieme low ovei southern Asia m July ) 

I 

THE TEMPERATURES OP LAND AND WATER 

Large aieas of land are heated by insolation or cooled by ladiation 
seveial times as rapidly as laige bodies of water The differences in 
behavior of these wo substances, under the influence of insolation 01 
radiation, results from a combination of factors 

1. Much of the energy of insolation that reaches the ocean is spent 
m evaporating water— changing its state without raising its tempeia- 
ture On the continents, less heat is lost m this manner. However, 
if the land is wet throughout the year and especially if it supports a 
dense growth of vegetation the amount of evaporation may be almost 
or quite as great as that over the oceans, 14 if the land is relatively dry 
the amount of heat lost in the process of evaporation is small 

2 A laige pait of the insolation that falls upon the ocean is re- 
flected and hence has no effect upon the temperature of the water 
The amount of leflection depends on the angle of the sun’s lays Neai 
the equator about 60 per cent of the sun’s heat is reflected fiom the 
ocean’s surface, neai the poles, more than 95 per cent of the heat is 
reflected Land surfaces, on the other hand, are poor reflectors, espe- 
cially if covered with vegetation Consequently, more of the heat is 
absoibed 

3 Most of the insolation that enteis the water is transmitted to 
some depth, and the heat is thereby distributed through many feet 
of water below the surface Land is opaque, and hence the heating 
effect is concentrated at the surface 

4. Waves, currents, and tides keep the watei stirred to a consider- 
able depth and thus retard the piocess of wanning the surface 

5 The specific heat of water is much higher than that of land 
That is, if equal amounts of heat were received by equal quantities 
of water and land, the land would be heated about twice as many 
degrees as the water 

6. Land radiates heat more rapidly than water does 

13 Other things being equal, moist air is lighter than dry air since the molecules 
of water are lighter than the air which they displace. 

14 Every leaf of a forest increases the surface from which evaporation takes 
place. 
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7. In general, cloudy weathei is more common ovei the oceans than 
over land. Clouds act as a shield against insolation duimg the day 
and retard radiation at night, and consequently tend to keep the tem- 
peratures of the ocean moie umfoim than those of the land. 



Fig 22 a Fin. 22b 

Fiwi. 22a and 22 b The extreme seasonal range of tempcrntuic m the interior of 
large land masses lying in high latitudes is well illustrated at Verkhoyansk, Siberia, 
and Dawson, Canada Lines indicate temperatures. Bars show inches of precipita- 
tion.) 

Oceanic and Continental Climates. Oceanic climate is equable; 
continental is severe. Owing to the unequal heating and cooling of 
land and water the laigest variation of temperatuie occurs over the 
largest land masses. The extremes are experienced in high latitudes 
where seasonal differences aic most effective, and within areas 1 emote 
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from oceanic influence An absolute maximum range (from highest 
temperature ever lecorded to lowest) of 183° F has been recorded in 
northern Siberia At Verkhoyansk, located within noitheastem Siberia 
in a transition zone between barren tundia and comfeious forest, the 
mean (average) tempeiature of the hottest month is 116 8° F. warmei 
than that of the coldest month In the mtenor of North America a 



Fig 23a Fig 23 b 


Figs 23a and 23 b The modifying influences of ocean winds and a moist atmos- 
phere are well illustrated by the seasonal iange in temperature of Quixeramobim, 
near the coast of Brazil, and Sitlta, Alaska Compare with Figs 22a and 22 b 

maximum range of more than 120° F has been lecorded over an ex- 
tensive area, and extreme ranges of 130° F to 140° F. are not unusual 
in the north-central part of the United States and the piaine provinces 
of Canada At Dawson, on the Yukon River, the average temperature 
for January is 95 2° F lower than that for July (Figs. 22a and 22 b) 
The large temperature range experienced m the mtenor of the 
continents contrasts sharply with the small range of the windward 
coasts situated in the same latitudes. On the western coasts of the 
continents poleward from latitude 40°, as at Sitka, Alaska, the coldest 
month is only 16° to 30° colder than the hottest, on the windward 
(eastern) coasts in lower latitudes, influenced by the steady and re- 
liable trade winds, it is much less-only 3° or 4° in the most favored 
locations. Thus during the coldest month at Quixeramobim, situated 
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near the coast of Biazil, the tempeiatuie is only 4° F. below that of 
the hottest month (Figs. 23 a and 23 b) 

The diurnal lange, like the seasonal, is much gicatei ovci land than 
over watei The results of the Challenger expedition show that the 
diurnal lange of an tempeiatuies ovei the ocean between latitudes 0° 
and 40° is only 2° to 3° F. The aveiage diurnal lange of an tempeia- 
tures over most of the intenoi of the continents is 10° to 25° F , but 
ovei a few areas it is much gieatei. At Visalia Station, California, 
situated within the Gieat Valley, the average dnun.il lange foi the 
entile year is 33° F , and dining the almost rainless pcuod of July and 
August, when the relative humidity is exceedingly low, the average 
diurnal lange exceeds 44° F. 

MOISTURE DISTRIBUTION 

The luxuriant tropical forest of the eastern coast of Cential America 
and the parched sands of the Sahaia lie in the same latitude The 
former area has been transformed into the most important banana- 
growing region of the world, the lattei lies waste or at best is of little 
use and, except for the small areas that may be migated, will con- 
tinue so indefinitely Likewise, the rich corn lands of Iowa he in 
the same latitude as the semi-and pastuies of western Ncbinska and 
the desert of Nevada. The difference m the utilization of these lands 
is caused mainly by the difference of moisture distribution. 

Atmosphere as the Medium of Moisture Pistribution 

Evaporation We know that, if a pan of water is freely exposed to 
the air, sooner or later the water will disappeai— it will evaporate In 
a similar manner, evaporation takes place from bodies of water and 
moist places everywhere, The late of evapoiation from a fiee watei 
surface varies materially from one place to another accordingly as It is 
affected by (1) the temperature of the air, (2) the amount of mois- 
ture already In the atmosphere, and (3) the strength of the winds. In 
low-latitude deseits, where the temperatures are high and where the 
air contains only a little moisture, the rate of evaporation from a freely 
exposed body of water may exceed ISO inches annually. In high 
latitudes, where the temperatures aie low, evaporation may not exceed 
10 inches a year. In the United States it ranges from 20 to 100 inches. 

The ultimate source of all oui water supply is the ocean, from which 
air currents cany the moistuie to every part of the globe— even to the 
driest desert The amount of moisture that the atmosphere actually 
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contains at any given time is spoken of as the absolute humidity and 
is usually expiessed m grams per cubic meter or in grams per cubic 
foot. The amount of moisture in the atmosphere compared with 
what it could contain at the same temperature is spoken of as the 
relative humidity and is measured in percentages The capacity of 
the an for moisture depends upon the temperatuie Air at 90° F has 
a capacity for about thuty times as much moistuie as at 0°F (see 
the following table) Thus the hot, diy winds of the Sahaia, which 
cause the skin to crack and the lips to peel, may actually contain moie 
moisture than exists in the cool, drizzly atmosphere of the western 
coast of Scotland, but the lelative humidity of the latter place is al- 
ways higher 

Maximum Water- Vapor Capacity op 1 Cubic Foot of Air at Varying Temperatures 


Degrees 

Grams of 

Degrees 

Grams of 

Fahrenheit 

moisture 

Fahrenhett 

moisture 

-40 

0 050 

40 

2 849 

-20 

0 166 

50 . 

4 076 

-10 

0 285 

60 

5 745 

0 

0 481 

70 

7 980 

10 

0 776 

80 

10 934 

20 

1 235 

90 

14 790 

30 

1 935 

100 

19 766 


Importance of Relative Humidity The relative humidity of a re- 
gion affects man both directly and indirectly It affects his health 
and comfort and also many of his economic activities The human 
body is more sensitive to temperature changes where the relative 
humidity is high than where it is low A temperature of 90° F in 
the desert of Arizona is not uncomfortably warm, whereas the same 
temperature along the moist coast of the Gulf of Mexico seems almost 
insuffeiably hot and frequently causes sunstrokes and heat prostra- 
tions This contrast m sensible temperatures as compared with actual 
tempeiatures is the result of evaporation When evaporation takes 
place much heat is utilized m changing the state of the substance from 
liquid to vapor without changing the temperature Thus in the hot, 
dry desert atmosphere much of the heat that strikes the human body 
is used m evaporating moisture (perspiration), which, m turn, tends 
to leave the body cooler On the other hand, the high humidity of 
the wet tropics checks evaporation from the human body and increases 
the sensible tempeiatures during the heat of the day. 

Relative humidity not only affects man directly, but indirectly it 
influences his activities in many ways. High humidity hastens decay 
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and rust and makes the preseivation of many products difficult, espe- 
cially in warm legions. Giams heat and mold, meats and vegetables 
decay, leather goods, textiles, and papei aic likely to become stained, 
and the utmost caie is necessaiy to keep machinery, wire, and othei 
iron and steel products from being rumed by mst. 

Crop production is also affected by the relative humidity. In some 
areas of moist atmospheie, wheaL lequires only 8 01 9 inches of rainfall 
to mature a good yield However, wheic the lclative humidity is low 
and evaporation lapid, wheat may need 10, 12, oi even 14 inches of 
watei duung the glowing season 

Condensation and Precipitation. As already stated, when air is 
cooled its capacity to hold moistuie is decreased. When the process 
is carried far enough the air is compelled to give up pait of its watei 
vapor This cooling may be biought about in various ways (1) Ah 
may be cooled by convection, that is, as air is pushed into higher 
altitudes the pressuie decreases and consequently the an expands and 
becomes cooler (2) Air may be cooled by mixing it with colder an. 
(3) Air may be cooled by radiation 

The temperatuie at which an becomes satluated, that is, has a lela- 
tive humidity of 100 per cent, is influenced by the amount of watei 
vapor in the air An containing 5 grains of watei pei cubic foot will 
be saturated when the temperature drops to 60° F , but an containing 
only 2 grams of water pei cubic foot must be cooled to 30° F. before 
the saturation point is reached. 

When the tempeiature at which condensation takes place is above 
32° F , the water vapor forms a liquid— dew, fog, cloud, or rain, but 
when the condensation takes place at temperatures below 32° F., ice is 
formed, and the result is frost or snow. 

Dew and Frost. Veiy frequently during clear, cool nights the tem- 
perature of the surface of the land, roofs of houses, and other objects 
that radiate heat rapidly, becomes lower than that of the saturation 
point of the an immediately above these objects. Moisture then con- 
denses on the surface m the form of dew or fiost, depending upon 
the temperature of condensation, that is, whether it is above or below 
32° F Dew is more likely to form (1) on clear nights than on cloudy 
ones, (2) on open pasture than under trees, (3) m valley bottoms 
than on hill slopes, and (4) on still nights than on windy ones. 16 

lc Clouds act as a blanket which retards the radiation of heat from the earth 
and consequently delays the cooling of the atmosphere to the point where the 
condensation of moisture takes place. Trees influence the temperature changes 
of the atmosphere in a similar manner. When the atmosphere cools at night 
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Fog and Cloud. The condensation of water vapor into droplets 
makes fog if it is near the earth’s surface and about the observer, it 
makes clouds when it is above the observer Thus the condensation 
of vapor into droplets about a mountain top results in a fog to the 
obseivci who stands on the slope at the elevation of condensation, 
but the same phenomenon is a cloud to the observer standing at the 
foot of the mountain These pai tides of moistuie slowly fall towards 
the earth unless they are held up by ascending air cuirents Many 
times they evaporate before leaching the earth, and consequently 
there is no piecipitation 

Rain, Snow, Hail, and Sleet. When the products of condensation 
fall to the eaith, ram, snow, hail, or sleet is the result Sometimes 
water vapoi is condensed rapidly and in large quantities If the tem- 
perature is above 32° F, the tiny droplets, which may be less than 
0 001 inch in diameter, are formed in such great numbers that they 
are bumped together m the air, unite, and form raindrops which may 
be more than 0 1 inch m diameter These larger particles fall rapidly 
towards the earth. Usually the lower strata of the atmosphere have 
a relative humidity of much less than 100 even during a ram. As the 
raindrops descend through the lower and drier atmosphere, evapora- 
tion takes place When the drops descend long distances through a 
relatively diy atmosphere, evaporation is rapid and the raindrops may 
be dissipated before leaching the ground In humid regions, however, 
most of the raindrops reach the earth 

When the condensation takes place at temperatures below freezing, 
snow is tire result Sometimes moisture condenses at temperatures 
above freezing, forming diops of water which later pass through stiata 
of air with temperatures below fieezing These processes result m 
sleet or hail 

The distnbution of moisture over the earth’s surface is the work 
of the winds. It is necessary, therefore, to have a general knowledge 
of air movements before one can understand why nature has given an 
abundance of moistuie to some regions while it has left others parched 
and dry It is necessary to know something of the reliability of these 
winds w order to understand why the farmers of some parts of the 
world seldom have a crop failure as a result of unexpectedly wet or 
dry seasons, whereas crop failure is frequent in other parts of the 
world because the rains failed, came at the wrong time, or perhaps 

the cool— heavy— air of the lull slope flows down into the valley and js replaced 
by warmer air. Thus the atmosphere of the valley may be cooled to the dew 
point while that on the lull slope is still several degrees above the dew point 
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came in superabundance Since the natuie, amount, reliability, and 
seasonal di&tiibution of piecipitation are factois of such vital impoi- 
tance to man, they aie discussed somewhat fully latci m this chaptei 
and m the regional studies, Chapteis 5 to 17, inclusive. 

1 THE MAJOR WIND SYSTEMS 

The wind systems of the eaith aie complicated Consequently, no 
complete and at the same time simple explanation of these systems 



Fk. 24 Diagram illustrating the cause of winds Explanation given in text 

can be given. However, some veiy useful concepts of the majoi wind 
systems of the earth may be gained by an analysis that piocccds fiom 
the simple to the complex This study begins with simple examples, 
some of them hypothetical, and adds the complications one at a time 
until we finally study conditions as they exist on eaith 
Causes of Winds. All winds lesult fiom the unequal heating of the 
atmosphere. 18 Air expands when heated and conti acts when cooled. 
These changes set up a circulation that can best be explained by 
diagram (Fig 24) Let us assume that the air temperature distnbu- 
tion of the three zones represented by *, y, and z is identical Then 
the pressure at given elevations such as a-b, c-A, and e-f will be uni- 
form, and the an will remain motionless Now assume that the air 
column y is heated, and consequently expanded, most lapidly tow aids 

18 The direction u\ which the an moves is influenced by the t oration of the 
earth. 
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the centei, while that of columns x and z aie cooled, and as a result 
contracted, most rapidly towards the outer margins These move- 
ments will cause the upper strata of an to assume positions somewhat 
as indicated by l-m-n The air from the upper part of column y 
will then overflow, as it were, or will flow down the piessure gradient 
into columns x and z, deci easing the weight towaids the center and 
incieasing it towards the maigins Unstable equilibrium is then set 
up m the lower atmosphere, and the heaviei an from columns x and z 
is forced back into the lightei atmospheie of y This flow will push 
up the light column of expanded air, and further overflow above will 
cause further inflow below. These movements will continue as long 
as unequal heating takes place 

Such convectional movements in the atmosphere may occur on a 
small scale as witnessed in the bonfire or the thunderstorm, or they 
may occur on a much larger scale as illustrated by planetary winds 
i, The Planetary Winds. Let us first considei the wind system of a 
hypothetical planet that does not rotate and that has a homogeneous 
surface (all land or all watei), of uniform elevation, and with vertical 
lays always shining at the equator Under such conditions tempera- 
tures would diminish regularly from the equatoi to the poles On 
such a planet the heated air in low latitudes would expand, use, and 
flow poleward In high latitudes it would become cool and heavy 
and would sink towards the earth’s suiface, along which it would flow 
back to low latitudes The wind systems of such a planet would be 
exceedingly simple ones (Fig 25) and would result entirely from 
unequal heating of the atmosphere 

The planetary wind systems of the earth are not so simple as those 
of the hypothetical planet since the earth rotates Ferrell has shown 
that rotation of the earth causes winds of the noithern hemisphere 
to be deflected to the right and those of the southern hemisphere to 
the left Thus the air that flows away from the equator at high alti- 
tude is deflected more and more towards the east until m the latitudes 
of the tropical calms there is a tendency for it to curve equatorward 
again. This causes the air which has already become cold and dry to 
pile up and form lugh-piessure zones from which the an is forced 
out, both equatoi ward and poleward, m the lower part of the at- 
mosphere The air that flows equatorward is, according to Fen ell’s 
law, deflected to the west and forms the trade ■winds, the air that flows 
poleward is deflected to the east and forms the westerlies 

The air that is forced poleward from the tropical high-pressure belt 
moves spirally towards the poles. The radius of rotation is constantly 
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diminished, so that the velocity of rotation is greatly mci eased and 
centrifugal foice is developed This centrifugal foice tends to throw 
the au bade away fiom the poles in much the same niannei that watei 
jn a circular wash basin is thiown away fiom the centei and upon 
the sides of the basin when the water is lapidly rotated. 

If rotation were the only factor involved, low-piessuie aieas would 
be developed at the poles Howevei, the constant low tcmpciatiucs 



Fig 25 Diagram showing the simple wind system of a hypothetical planet that 
does not rotate and that has a homogeneous surface of uniform elevation with the 
sun’s rays always vertical at the equator 

of ice caps 01 ice-filled wateis neai the poles offset the influence of 
the centufugal foice forming highs instead of low's The low-pi en- 
sure aieas are formed in subarctic legions. 

Thus if latitude and rotation were the only factois affecting air 
movements, that is, if the earth’s suiface weie made of homogeneous 
materials and were of equal elevation so that all paits of each parallel 
were heated equally, we would have relatively simple wind systems 
similar to the ones designated as planetary winds (Fig, 26) Under 
such conditions the isotherms and isobars would coincide with the 
parallels 

Unfortunately for the student of climate, other factors enter in to 
make our wind system still more complex. In a world of water, land, 
snow, and ice, and with elevations ranging through approximately 
30,000 feet, the isotheims depart widely from the paiallels. As a result 
of these differences m elevation and in composition of the eaith, the 
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departure of temperatuies along some parallels may, at times, approxi- 
mate 100° F Moreover, because of the changes of seasons the iso- 
theims and isobars aie constantly changing their positions. These 
conditions all combine to give rise to other winds, some of which are 
scarcely less important than the planetary winds. 

NP 



Fig 26 Diagram showing generalized direction of the planetary wmds at the 

surface of the earth 

Monsoon Winds Monsoon, derived from the Arabic word mean- 
ing season, is an appropriate name since monsoons are the chief sea- 
sonal winds of the globe Since land heats and cools more rapidly 
than water (see pp 53 and 54), the continents in summer become 
much warmer than the surrounding sea, and m winter, much coolei, 
Asia is the largest land mass and accordingly has the greatest range 
in temperature, amounting to 183° F in northern Siberia. In parts of 
Arabia where the monsoons are well known the maximum annual 
range of shade temperature sometimes exceeds 85° F Over most of 
northwestern India, the temperature foi the hottest month is from 20° 
to 40° F higher than the average for the coldest, and in parts of the 
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desert the seasonal lange is even laigei This wide vanation in the 
temperatuie on land contrasts shaiply with that of the surface waters 
of the surrounding oceans, which is only 2° to 3° F, 

During the hot summer months the air over land expands, and part 
of it overflows to the suirounding oceans, This movement reduces 



Fig. 77 , July pressure and winds of Asia 


the pressure, as is indicated by the fact that the barometric reading 
over northwestern India in August is only 29.4 inches, whereas south- 
ward over the somewhat cooler ocean the pressure rapidly approaches 
30 inches (Fig. 27). As a consequence, the air of the lower atmos- 
phere flows down the barometiic gradient towards northern India. 
Owing to the rotation of the earth, these winds are deflected to the 
right and blow over India from the southwest (Fig. 27). The great 
quantity of air affected m this manner is indicated by the fact that 
the summer monsoons are sometimes more than 3 miles in depth. 
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During the winter the land becomes colder than the sea, the baro- 
metric gradient is reversed, and the wind blows from the north or 
northeast (Fig. 28). 

Monsoon winds aie not confined to India but blow over most of 
the eastern and southern parts of Asia 



Fig. 28. January pressure and winds of Asia 


Land and Sea Breezes. Land and sea breezes are caused by the 
differential heating of land and water, just like monsoons. One is 
seasonal, depending upon the revolution of the earth about the sun; 
the other is daily, depending upon the rotation of the earth, During 
sunny summer days, the land becomes warmer than the adjacent lake 
or sea As a result, the air over the land heats and expands more rapidly 
than that over the sea, causing the heavier air from the sea to flow 
towards the shore This is the sea breeze It has been shown that the 
sea breeze lias been kept away from the shore for a time because the 
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expanding air over the land pushes outwaid as well as upwaid This 
outpush diminishes as the rate of mciease of tenipeiatuie over the land 
diminishes, 17 which undoubtedly accounts foi the fact that at times 
the sea breezes do not begin to blow on shoie until aftei the hottest 
part of the day 

\ Mountain and Valley Breezes During the summci days the moun- 
tain slopes become much warniei than the an of equal elevation over 
the valley That is, the air (Fig 29) at a becomes hottei than at o', at 



Fig 29, Diagram illustrating the principle of valley breezes Explanation m text 

b it becomes hottei than at /?', etc Thus the heated an along the 
mountain side expands and is pushed up by the hcavici ail over the 
valley This movement of the air is the valley bieeze 
At night the heat of the eaith is ladiated more icadily through the 
rare and relatively dry atmosphere ovei the mountain top than thiough 
the denser atmospheie blanketing the valley Consequently, aftei a 
few hours, this differential cooling sets up a cuuent of cool, dense 
air (mountain breeze) which flows from the mountain sides down into 
the valley. 

This movement of air (air drainage) tends to prevent unseasonable 
frost on the foothills, making them suited to certain crops that cannot 
be grown successfully in the valley The coffee plantations of south- 
eastern Brazil are placed on the mountain slopes wheie they have the 
greatest protection from frosts In like mannei many of the orchards 
and Vineyards of the middle latitudes are planted on hill slopes to 
protect them against unseasonable frosts 
Highs and Lows (Cyclones and Anticyclones). In most parts of 
the United States die dominant factoi in weather control is the suc- 
cession of lows (cyclones) and highs (anticyclones) which are ever 
passing from west to east across the country. They aie the prime 

17 Griffith Taylor, Australtm Meteorology , The Clarendon Piess, 1920, p. 111. 
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cause of the continuous changes of weathei. 18 The American weather 
forecasters give more time and attention to these weather phenomena 
than to all otheis combined, their positions, which aie ever changing, 
aie chaited anew each morning by the Weather Bureau as the basis 
for weather forecasting 

Origin of highs and lows Both theory and observation lead to 
the conclusion that the succession of highs and lows, which bring the 
changeable weather of the westeily wind belts, is related to the inter- 
action of cold air pushing in from high latitudes and of warm air 
coming m from low latitudes An idealized picture of the origin and 
growth of highs and lows is given in Fig. 30. When cold polar air 
and warm, moist tropical air come m contact (Fig 30 A), the warm 
air, being lighter than cold air, is usually forced to rise over the cold 
air Expansion and cooling take place and precipitation may result 

On the daily weather map a cyclonic storm may be noted first by 
a slight indentation along a front where the warm air has been forced 
to rise over the cold air (Fig 30B) As the indentation deepens a vast 
mass of warm air is forced over the body of cold air, and the storm 
becomes larger and more intense That part of the front that lies 
ahead of the advancing tongue of warm air is called the warm front 
(Fig 30C) That part of the front lying behind the body of warm 
air (where the cold air is pushed under the warm air) is called the 
cold front. 

The ascent of warm air at the warm fropt is usually gradual, and 
the rainfall is usually relatively steady and covers a broad area If, 
however, the warm air is unstable or potentially unstable, a vast 
amount of energy may be released in the violent ascent of the air, 
and violent convective rainfall may result At the cold front the 
forced ascent of Warm, moist air is usually strong and intermittent 
and is fiequently accompanied by wind squalls (Fig. 30D) 

A high develops as a body of cold air bulges equatorward on the 
polar front between two lows 

Characteristics of lows Lows (cyclones) are characterized by 
large areas of low atmospheric pressure in which the air flows spirally 

18 The term cyclone is sometimes used to designate any low-pressure system 
of the atmosphere in which the air converges towards the center and at the 
same time is forced spirally upward Recently, however, it has become a com- 
mon practice to reserve the term cyclone for that particular type of low- 
pressure system of middle and upper-middle latitudes which the U S Weather 
Bureau designates as a low This use of the term is the one accepted here. 
Whenever the cyclonic storm of the tropics is referred to in the text it is 
always designated as a tropical cyclone 
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inward and upward These lows follow one aftei another in more 
or less regular ordei and bung, to legions ovei which they pass, the 
successive changes m weathei that aie so characteristic of much of 
the middle latitudes The low atmospheric pressuie of a cyclone 



Fig 30 These highly generalized dingiams A, B, and C togethei with the textual 
material indicate the way m which lows (cyclones) are formed. D togethei with 
textual material indicates something of the nature of the storm. Cumulus clouds 
are distinguished by their flat bases and their beautiful, towering, cauliflower or 
anvil tops Nimbus clouds are darlt and are the source of precipitation. Cirrus 
clouds form at high altitudes (25,000 to 50,000 feet) and are composed of minute 
ice crystals Cirrus clouds take various forms, sometimes appealing like a thm 
light-colored veil over much of the sky More often they appear like white 
ringlets or as feathery streamers Stratus clouds form low-lying and rather uni- 
formly colored (usually a dull grey) sheets across the sky 


results in a great eddy of air 400 to 2,000 miles m diameter. The 
average size in the United States has been estimated at more than 
2,000,000 square miles. Since the depth is 2 to 4 miles, the volume of 
this moving mass of air is tremendous. 
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The minimum piessure of a cyclone is found near the center Thus 
the outer, heaviei an flows towaids the center, but because of the 
rotation of the earth it is deflected to the right m the northern hemi- 
sphere (usually at an angle of 20° to 40° across the isobar) and to the 
left in the southern hemisphere (Figs. 31 and 32) 

The strength of the wind depends on the steepness of the air 
gradient The closer togethei the isobars are crowded, the stronger 
the winds are likely to be The winds usually are light or model ate, 



Pig 31. Diagram showing generalized wind direction about low- and high- 
pressure areas in the northern hemisphere 


and seldom do they reach destructive proportions. Other storms 
which are destructive sometimes develop within a cyclone but they 
are not a part of it 

Because of the leduced pressure towards the center of the cyclone 
the air movement is not only inward but also upward This conven- 
tional movement, although very gradual, is an important factor in 
causing precipitation. Many of the characteristics of a cyclone may 
be noted during the passage of such a storm. The approach of a 
cyclone is usually heralded by easterly or southerly winds and by 
cirrus clouds through which the moon appears pale and upon which 
it may cast a halo As the center of the depression comes nearer the 
clouds get thicker and lower, the air becomes damp and perhaps 
drizzly m the winter and moist and muggy in the summer The 
amount of precipitation, if any, depends upon the degree of humidity 
of the air and die extent of the convection. 
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When the center of the low passes, the winds veei to a westerly 
or northerly direction, the clouds soon break through, and the sky 
begins to clear These changes aie fiequently accompanied 01 fol- 
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lowed by a drop m temperature as the cyclone moves on and the 
anticyclone approaches. 

In eastern United States the southeastern quadrant of the cyclone 
is sometimes called the “rainy quadrant.” The wind of this section 
blows from either the Gulf of Mexico or the Atlantic Ocean, and the 
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air is laden with moisture Consequently, as it moves from lower 
(warmei) latitudes to higher (cooler) latitudes, some of the moisture 
is condensed 

The frequency of the occurrence of cyclomc storms varies from 
season to season and from place to place During the winter from 
five to eight cross New England each month, whereas during the 
summer only two or three well-developed cyclones and perhaps an- 
other one or two ill-defined ones occur each month In other parts 
of the United States these storms are less frequent, depending on the 
situation with respect to the major tracks of these stoims Normally 
eight to thirteen of these stoims occur somewhere in the United States 
each month They usually enter the United States from Canada or the 
Pacific Ocean, but occasionally they seem to originate or are intensified 
in the United States They travel, in a general eastward direction, 
normally at the rate of 500 to 700 miles a day However, storms occa- 
sionally stand almost still for a few days whereas at other times they 
may travel moie than 1,000 miles m 24 hours Results of numerous 
studies have shown that the direction and rate of movement of 
cyclones are approximately those of the upper wind 18 

Charactfristics of anticyclones An anticyclone is charactenzed 
by a large area of high atmospheric pressure (Fig, 32), in which the 
air moves out from the center of the high and spirally downward, but 
the descent is exceedingly slow. The anticyclone usually brings cool 
weather with litde precipitation Although it frequently brings bright 
sunny weather, cloudy days during its passage are not uncommon 

Tropical Cyclones. Tropical cyclones, when well developed, are 
the most destructive of all storms They are variously named m dif- 
ferent parts of the woild, being known as cyclones m the Indian 
Ocean, as humcmes in the West Indies, and as typhoons in the China 
Sea They are not so violent as the tornado but covet a more exten- 
sive area, and the loss of life and pioperty is frequently much greater 
than that recorded for the most destructive tornadoes. They are 
cyclonic depressions almost circular in shape. The wind frequently 
has a velocity exceeding 100 miles an hour, and the destructive path 
is usually from 50 to 150 miles wide. 

In many tropical cyclones the wind velocities do not reach destruc- 
tive proportions. The average maximum, perhaps, does not exceed 
40 miles per hour, but m the most violent storms velocities of more 

10 Willis Ray Gregg, Aeronautical Meteorology, The Ronald Press, 1930, 
p. 237. 
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than 150 miles an hour have been lecordcd with fughtful loss of life. 
Indeed, if early estimates fiom India can be trusted, moie than 200,000 
persons weie di owned October 3, 1876, and about 300,000 on October 
7, 1737, as the result of cyclone tidal waves in the delta of the Ganges- 
Brahmaputra rivets, near Calcutta 20 

A storm at Galveston, Texas, in Septembei 1900, resulted in a loss 
of 6,000 lives and a damage of property estimated at $30,000,000, a 
storm which passed along the east coast of Flonda m September 1926, 
resulted m a loss of 242 lives with a propeity loss which probably 
exceeded $100,000,000 On Septembei 19, 1947, a humcane moved 
inland from the Gulf of Mexico onto the Louisiana and Mississippi 
coasts, with its center passing dnectly ovei the business section of 
New Orleans Tins hurncane took a toll of 51 lives in Louisiana, 
Mississippi, and Florida, with total propeity damage estimated at 
$110,000,000 21 The loss of life and pioperty in China is even gi eater 
than that m America, because in China the cyclones are more numer- 
ous and the low coastal plain is one of the most densely populated 
parts of the earth. 

These stoims originate within, the tropics, geneialty between 10° 
and 30° of latitude on each side of the equator The aieas of most 
frequent occurrence aie neai the eastern shores of the continents where 
the oceans are studded with small islands, but they also occur occa- 
sionally along the western coasts of Australia and Mexico They are 
unknown in the south Atlantic 

Unfortunately the tropical cyclones frequently occur in legions that 
are densely populated, and, although most cyclones cause little or no 
loss of life, occasionally the cost m human life is appalling. 

The Tornado Tornadoes are the smallest of otu storms and yet 
the most violent. Few of them exceed 1,000 feet in diameter at the 
surface of the earth, and many aie only a few yards wide. Although 
they are of small horizontal extent, their air currents attain a velocity 
far exceeding that of any other storm. 

The tornado springs up suddenly and runs its course with great 
swiftness. Only the briefest warning is given befoie it strikes It 
suddenly appears as a funnel-shaped cloud (Fig. 33), black with mois- 
ture and d6bns which whirls with great rapidity in the ascending air 

80 Stephen S. Visher, "The Cyclones," Journal of Geography, December 1930, 
p 38 6 

21 H C. Sumner, “North Atlantic Hurricanes and Tropical Disturbances of 
1947," Monthly Weather Revtew, December 1947, pp. 251-256. 
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current. It produces a terrifying, loaring noise and is accompanied by 
torrential rain and violent lightning and thunder 
The pressure near the center is 1 educed to peihaps three-fourths 
normal. Consequently, as a tornado passes a building, the loof, walls, 
and windows may be blown out as a result of the excessive piessure 
on the inside of the building as compared with that on the outside 
Because of the nariow path of the tornado and the short distance it 
travels, 22 the loss of life and property is relatively small Occasionally, 



Fig 33 Four views of the same storm near Gothenburg, Nebraska In the first 
view the funnel-shaped cloud has not yet appeared, in the second, it has not yet 
touched the ground, in the third, it is just touching the earth, and in the fourth 
the destructive force of the wind is indicated by the gieat amount of ddbns which 
is being whulcd into the air (Courtesy U S Weather Bureau ) 

however, a tornado strikes a large city and then the loss may be great 
On May 27, 1896, such a storm visited St. Louis and almost instantly 
destroyed about $12,000,000 worth of property and caused the loss of 
250 lives. The Weather Bureau had foieseen the dangei of a tornado 
and had warned all the cities within the central Mississippi Valley. 
Immediately after the warning was issued the school children of St 
Louis were told of the danger and dismissed Little else could be 
done in prepanng for the disaster Conditions were favorable for 
tornadoes but no one could foretell where or when one might strike 
Although there is no known method of accurately forecasting the 
exact time or place of the occurrence of tornadoes, they are usually 
associated with well-marked lows (cyclones) in which both the tem- 
perature and relative humidity are high 

ae A tornado may travel 300 to 400 miles before it disappears, but more fre- 
quently its destructive path is less than 30 miles 
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Tornadoes aie more common in central and southeastern United 
States than anywhere else, but they sometimes occui m other parts 
of the United States, southern Australia, eastern China, northern 
Argentina, and South Africa. 

'■GENERAL DISTRIBUTION OF PRECIPITATION 

The direct cause of precipitation is the cooling of the atmosphere 
below the sanitation point This cooling is brought about, for the 
most part, by one 01 a combination of the following* five factois 
( I ) the ascent of the air, (2) the movement of the air from lowei 
(warmer) latitudes to highei (cooler) lantudes, (3) the movement 
of air from a warmei to a coolqi surface such as results when winds 
blow over cold cunents or ice fields or when they blow from the 
warm ocean to colder land during the wmtei season, (4) the mingling 
of warm moisture-laden air currents with colder ones, and (5) the 
cooling of the atmosphere by direct radiation. By far the most im- 
portant of these factors is the first— the ascent of an— brought about 
by convection oi the forced ascent as air passes ovei highland barriers 

Convection. When the land is heated, the lower an strata are also 
heated, causing the air to expand and convection to take place (See 
p. 60 ) When the air ascends as a result of convection it is cooled 
Under favorable conditions die air may rise many thousand feet within 
a few hours or even less, be cooled far below the saturation point, and 
result in heavy precipitation This may be called the convectional 
type of lainfall, it usually occurs during hot seasons and most com- 
monly during the hottest part of the day. Within the tropics, most 
of the rainfall is convectional and is especially heavy within the belt 
of equatorial calms During the summer season, convectional rainfall 
is common over the land masses of the tempeiate zone and is the 
major cause of precipitation m monsoon regions. 

Monsoon Winds and Precipitation We have already learned (pp 
63-65) that, during the hot summer months of the northern hemi- 
sphere, the air flows from the Pacific and Indian oceans over east- 
ern and southern Asia. When this vast mass of moist air passes 
from the oceans to land it is heated This heating causes the air to 
expand and rise. As the air rises it is cooled and moisttire condenses, 
causing precipitation known as monsoon rains The amount of such 
lainfall depends largely upon (1) the volume of an that flows in from 
the ocean, (2) the relative humidity of this ail, and (3) the extent to 
which convection and the resultant cooling take place 
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Duiing the wintei months, the cold heavy air over Asia descends 
and flows out over the ocean (see pp. 63-65) The temperature 
of this descending air rises, and its capacity to hold moisture increases 
Consequently, the precipitation in those areas affected by winter 
monsoons is light 

Vortical (Cyclonic) Ascent of Air and Resultant Precipitation 
The ascent of au in such stoims as cyclones (lows), tropical cyclones, 
and tornadoes is responsible foi much precipitation, and occasionally 
such storms bung exceedingly lapid condensation and heavy precipita- 
tion The low-piessure systems (lows) of the westeilies are responsi- 
ble foi a large part of the rainfall of these zones. 

Forced Ascent of Air. Moist air forced to surmount barriers causes 
the heavy precipitation received in many highlands, When these high- 
lands are situated on the leeward side of large bodies of water the 
precipitation may be exceedingly heavy The Western Ghats of 
India, standing directly athwart the southwest monsoons, wring from 
these ocean winds 60 to 120 inches of rainfall within seven months 
during the summer monsoon season Similarly as the monsoons flow 
over Burma and northeast India they drench the highlands of these 
areas with the heaviest precipitation on earth All the highlands sit- 
uated near the windward coasts of continents and islands receive heavy 
precipitation. This fact is clearly indicated by the heavy rainfall on 
the eastern coasts of continents and islands located within the trade- 
wind belts and of the western coasts of land masses lying m the path 
of the westerlies (Fig. 34). 

The Flow of Air from Warm Oceans to Cold Land. During the 
winter seasons the temperature of the land of middle and upper lati- 
tudes is lower than that of water Consequently, when the moist 
wind blows from the ocean to land during this season, precipitation 
is likely to result This contrast in the temperature of land and water 
is a major factor m causing the winter piecipitation to be heavier than 
the summer precipitation along the western coasts of land masses lying 
m the westerly wind belt (Figs. 35 and 36) The condensation of 
moisture within the westerlies is hastened by the fact that these winds 
blow poleward (to colder latitudes)— a movement which helps to 
wring moisture from the atmosphere— and also by the vortical ascent 
of air within the many cyclones associated with the westerlies. 

The Influence of Descending Air Currents and of the Equatorward 
Movement of the Air. When air descends it is compressed, becomes 
warmer, and consequently can hold more moisture Similarly winds 
that blow equatorward become warmer, and their capacity to hold 
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Fig 34 Mean annual rainfall 
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Fig 35 Mean July rainfall map (After Kendrew ) 
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Fig 36 Mean January rainfall map (After Ken drew ) 
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moistuie is inci eased, It is only natuial, therefore, that high-piessure 
areas such as anticyclones, hyperbars, and the tropical calms should 
be associated with relatively clear skies and light precipitation Simi- 
larly, the trade-wind belts, in which the air moves constantly towards 
the equator, should be associated with arid or desert conditions except 
in those highland legions where the ah is forced to ascend mountain 
slopes and is theieby compelled to give up some of its moisture 

The influence of a hypeibar (legion of descending air currents) is 
strikingly illustrated by a companson of maps of the January and July 
lainfall of Asia During Januaiy, a hyperbar covers most of this vast 
land mass, and the lamfall is exceedmgly light, duung July, it is heavy 
over a considerable part of the continent. The influence of the tiade- 
wmd belts is indicated by the fact that the greatest desert regions of 
the woild aie situated within these zones. 

This chapter has dealt with some of the more important principles 
of climate and weather. Since, however, climate and weather are two 
of the most significant factors affecting the activities of man, the most 
pertinent facts concerning the distribution and influences of these 
elements aie studied in each of the regional chapters which come latei 
in the text 
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Chapter 3 


THE GEOGRAPHICAL SIGNIFICANCE 

OF SOILS 


The soil is one of man’s indispensable assets It ranks with watei 
as one of the two most necessaiy of our lesources From it are de- 
uved, directly or indirectly, all our food and clothing and much of 
our sheltei— pioducts commonly spoken of as the necessities of life It 
is the soil— that more 01 less loose and friable material in which plants 
may or do find a foothold— which supplies a seed bed for pastures and 
ci ops and constitutes a basic resource for agricultural activities The 
importance of the soil is well illustrated in the predominance of agri- 
culture in most parts of the world. The teeming millions of the 
Orient— an aiea which contains moie than half of the world’s popula- 
tion— are mainly agricultural in occupation Approximately 80 per 
cent of the Chinese and 72 per cent of India’s inhabitants are directly 
dependent upon agriculture In the United States the percentage of 
the total population engaged in agriculture is lower than that of the 
Orient, yet the value of the agricultural output of our country com- 
pares favorably with that of the leading agricultural nations of the 
world. 

The soil may be made to yield indefinitely, but it is by no means 
indestructible Thus in parts of China the farmeis have cultivated the 
land for more than forty centuries and the soil is still productive 
Parts of the Nile Valley have been farmed for fifty centimes, and be- 
cause of the rejuvenation of the soil by the sediment deposited by 
flood waters, together with careful tillage, the yield is probably as 
high today as it was 5,000 years ago. On the other hand, the Tigris 
and Euphrates lowland, which in ancient times was one of the earth’s 
gardens, is repoited as being a badly depleted land, 1 where areas that 

1 George Wehrwem, “The Land,” Pait TV, Conservation of Our Natural Re- 
sources, Van Hise and Havemeyer, The Macmillan Co, 1930, p 319 
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formerly supported millions now lie waste Similarly, in laige parts 
of southern Europe, India, and southern United States tens of millions 
of acres have been depleted or even made waste by unscientific use 
It is an axiom, thciefoie, that the permanency of agucultuial enter- 
prises depends on the skill with which the soil is cultivated. 

Soils as Related to Regional Specialization m Agriculture. Befoie 
modem transportation facilities were developed, subsistence agucul- 
tuie was piacticed in all paits of the woild. Under such a system it 
was necessaiy for the faimers of any given district to pioduce most 
of the food that they consumed, and, conveisely, they consumed most 
of the food that they produced, since it could not be profitably trans- 
ported to other aieas Such a system does not lend itself to the cultiva- 
tion of ciops best suited, 01 in places even well suited, to the soils 
and climate of a particular district Civilized man has always ciaved, 
and indeed needs, a vanety of foods Howevei, soils that will pro- 
duce a bumper ciop of sweet potatoes may yield but meager 1 etui ns 
if given to wheat, corn, apples, 01 any of a score of othei ciops The 
subsistence faimer, however, docs not wish to live wholly on a sweet 
potato diet, consequently he cultivates othei crops even though the 
yield may be low In a like mannci, the subsistence faimei whose 
soil (always considered with the climate of the region) will pioduce 
bountiful crops of wheat may be ideally suited foi but few othei 
food crops Yet attempts, moie or less successful, aic made to grow 
fiuits, vegetables, or other food ciops in oidei to satisfy the human 
ciavmgs for a variety of foods Thus, undei a system of subsistence 
agriculture, neither the soils noi the climate of a region can be utilized 
so as to produce the most abundant crop returns and at the same time 
supply man with the variety of foods which he needs. In othei 
words, the human desires and needs of each distuct weie given majoi 
consideiation in planting crops, the practical limitations of the soil, 
of course, always being borne in mind 

Now all this is being rapidly changed m the most progressive parts 
of the world The Amencan farmer, foi example, no longer gives 
major thought to local needs when he plants lus ciops, but to the pos- 
sibilities of the soil as viewed in the light of world markets. A farmei 
may now give his entire attention to the gi owing of any one of a 
score of crops-celcry, apples, potatoes, wheat, etc.-which is mar- 
keted hundreds or even thousands of miles away, in return, he buys 
a great variety of products to satisfy his own needs. 

This change from subsistence to commercial agriculture has resulted 
in a major shifting of crops to those types of soil and climate best 
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suited to their production, changes which have necessitated the elimi- 
nation, or at least the 1 eduction in acreage, of crops that are poorly 
suited to the soils and climate of a given area Within the United 
States this movement has been taking place for several decades and has 
been especially rapid during lecent ones 
The excellent adaptation of wheat to the West has promoted in- 
directly a shift from wheat to corn and other crops in the East, and 
in turn from coin to cotton in the South, Raising of hogs accoid- 
mgly decreased greatly in the South and increased m the North 
Daily production has gieatly increased m the North despite a station- 
ary number of cows in the country as a whole,® Similarly an increas- 
ing percentage has been lealized in the output of several of the most 
important fiuits and vegetables that have been grown m agricultural 
regions ideally suited to the particular needs of each Partly as a 
result of these shifts of crops to lands better suited to them and partly 
because of great improvement m agricultural technique, an extraor- 
dinary increase in production has been experienced 3 
This increased acreage yield of crops, resulting largely from a better 
adjustment of crops to soils and climate, helped to bring about ovei- 
production and resultant low prices— conditions that accelerated the 
lecession of agriculture fiom the hill lands, the eroded lands, and othei 
depleted or inherently poor soils 

This adjustment which has taken place in the United States cannot 
be accomplished with equal ease in most other parts of the world. 
Thus m Europe the many national boundaries retard the easy flow of 
goods from one country to another and thereby place a premium upon 
diversification of agriculture within each country regardless of what 
might otherwise be the best utilization of the soils Similarly, the 
poor transportation facilities of most parts of Asia and Africa retard 
the shift m the production of ciops to the best adaptation to soil types 
and climatic conditions, which make for greatest output of food value 
per acre. However, with the improvement of transportation facilities 
in all parts of the world, the adjustment of crops to soil types and 
climates best suited to them will be accelerated, unless the process is 
retarded by wars, high tariffs, or other man-made obstructions 
Soil and Civilization A study of the development of civilization 
indicates that society has its roots in the soil. Records of man’s early 

2 O E Baker, “Regional Shifts in Land Utilization as Shown by the 1930 
Census," Armais of the Association of American Geographers , March 1932, 
pp, 46-47 

3 Op. at , p 46. 
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development show that his progress was consideiably accelerated when 
he began to grow crops and as he changed fiom the piccauous life 
of the pumitive hunter and nomad to the more secure scdentaiy life 
of the tiller of the soil Nomadic kingdoms of the past lacked stabil- 
ity, they weie not permanently rooted in the soil. Nomadic peoples 
contributed comparatively little to existing cultmes until they ceased 
to be nomadic and became tilleis of the soil 

The giowth of early Egyptian and Babylonian civilizations appeals 
to have been closely associated with the successful development of 
agriculture in aieas of alluvial (river-deposited) soil materials The 
civilization of monsoon lands is often called a “vegetable civilization ” 
It is basically agrjcultuial, and the soil is caiefully woiked so that the 
millions of natives may secure a livelihood 

World history shows that stable civilizations weie associated with 
long familiarity with a given soil. Such civilizations glow out of the 
soil and are rooted in it Thus, the Chinese may be ughtfully called 
“farmeis of forty centuries ” 

Soil and Culture In many paits of the woild the cultuie of the 
people is influenced mnikedly by the natme of the soil. Theie has 
been no moie distinctive human pioduct of the Amencan soil than 
that of the most fertile soils of the cotton belt. This is especially 
true of the black belt of Alabama Here the climate is much like that 
of the remainder of the state, but the soil is more fertile than that of 
most other parts. “Ask almost any Alabaman where the best ante- 
bellum architecture of the state is to be found and the answei will 
surely be, ‘m the Black Belt,’ Ask in what part of the state the people 
are most cultured and most highly educated, where the traditions and 
prejudices of the Old South are strongest, and it will be in the ‘Black 
Belt’”* 

The fact that this area was especially suited to the plantation system 
resulted in the profitable use of slaves, and the pioportion of Negroes 
to whites is the highest in the state. 

Perhaps a more staking illustration of the influence of soil m human 
development is found in Aioostook County, Maine. Here a pocket 
of glacial soil m a granitic wilderness stands out as an oasis in a desert. 
The appearance of this clay-soil area suggests prosperity and a high 
standard of living. Farm buildings are in good repair and die yards 
are well kept. Ill-kept farms aie found only in the hilly, swampy, or 

4 Herdman F Cleland, “The Black Belt of Alabama,” Geographical Review, 
Vol, 10, p 375. 
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more gravelly sections of this region, and they are surprisingly few 
m number. The area has many miles of good roads, many of the 
farmers own their own automobiles, there are telephones in rune-tenths 
of the farm houses and electric lights and washing machines in most 
of them Heie in this garden spot the finest New England traditions 
aie fosteied Almost all the boys and girls graduate from high school, 
there are good books to read, the churches aie well supported, and a 
lecture course is maintained every winter in the village of Presque 
Isle a 

Surrounding this piospeious agricultural legion are thousands of 
square miles of forest wilderness, with here and there lumber camps, 
sawmills, and log-choked streams Within this area are few buildings 
other than the shacks of the lumber camp occupied mostly by men 
Consequently, the contentment and pleasures of home life, everywhere 
apparent within the clay pocket, are seldom known here Why the 
contrast? The answer is found m the contrasting nature of the soil 
The Caribou loam of the glacial soil is “ideal potato soil.” It is loose, 
mellow, silty loam, easy to cultivate and on the whole well drained, 
and the high potash content is especially favoiable for potato produc- 
tion On the other hand, the surrounding wilderness possesses a cold 
granitic soil— where soil is found— which is relatively inf ei tile and un- 
productive." 

Such illustrations of the importance of soil may easily be multiplied 
many times. Theie is scarcely a district within the United States 
where the diversity of soil conditions has not resulted m more or less 
marked contiasts in the cultural landscape The backward pme belt 
of New Jersey lies on the very border of the greatest industrial and 
commercial district of the United States, yet most of the land is still 
covered with pme and brush, and the cultural landscape indicates that 
the people are classed among the most backward of this prosperous 
country Many of the inhabitants dwell in cabins that have neither 
caipets noi paint, most of the adult population go baiefooted in the 
summei , and the limited agricultural development indicates a shiftless- 
ness which is m sharp contrast to the energy displayed by the farmers 
who cultivate intensively the well-kept truck farms located on the 
clay loam soils farther north The backward conditions of the pme 
belt have persisted through several centuries largely as a result of the 
relatively porous, infertile, sandy soil. There is no doubt that, if this 

"Ella M Wilson, “The Aroostook Valley,” Geographical Review, Vol lrt, 
pp. 197-198 

6 Op cit, , pp. 197-198 
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region, possessing both location and climate well suited to intensive 
agnculture, weie blessed with a feitile soil, the cultuial landscape- 
homes, roads, churches, schools, factoncs, etc —would piesent a 
marked contrast to its present appeal ance 

This influence of soil feitility is not confined to the United States 
but exists in all parts of the woild Note on the population map the 
contrast between Java and the Amazon Valley (Fig 47) Java with 
its 42,000,000 people has much the same climate as the spaiscly pop- 
ulated lowlands of northern Bia/il. Although the contiast m cultural 
development is not wholly one of diffciences in soil feitility, this 
factor is undoubtedly the major leason why one region is intensively 
cultivated while the othei is laigely a vast waste, much of which is still 
unexploied Java has a feitile volcanic soil, of relatively lccent ongin, 
which yields abundant ciops decade aftei decade; the Amazon low- 
land has a relatively mfeitile residual soil that has been lobbed of most 
of its mineral fertilizers by the incessant pioccss of leaching that results 
from the heavy lamfall of this equatorial zone. 

In the haid-iock aiea of Fenno-Scandia the piospeious agiicultuial 
communities are genemlly found in lowlands wheic the soil has de- 
veloped in glacial materials derived fiom scdimcntaiy locks, especially 
limestone. Thus the lowlands adjacent to Oslo, Noiway, stand m 
maiked contiast to the rugged soil-depleted highlands of the couiltiy 
Similarly the lowlands of central Sweden are among the most pros- 
perous agricultural divisions of that country 

Although the influence of soil fertility cannot be summarized in a 
few pages, some woith-while generalizations concerning soil char- 
acteristics and the importance of soil groups can be drawn 

MAJOR SOIL CHARACTERISTICS 

Soil Components Soil consists of disintegrated and chemically 
altered rock materials mixed with organic materials, liquids, and gases 
Pulverized rock is not soil It must be chemically altered and mixed 
with materials mentioned above before it can suppoit plant life. The 
solid portion of the soil is partly inorganic, derived fiom rocks, and 
partly organic, derived from living things such as plants, animals, and 
bacteria By far the gi eater part of most soils consists of earth 
minerals The minerals in turn are derived from rocks such as igneous, 
sedimentary, and metamorphic rocks. 

\ Born of parent rock, soil develops slowly under the influence chiefly 
I of climate, vegetation, and relief Differences m these forces bring 
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about major differences m the great soil gioups of the world, as we 
shall see later 

Chemical Composition of Soils Just as rocks are aggregates of 
minerals, so minerals aie composed of elements Although many ele- 
ments are piesent m most soils, the great bulk of the inorganic material 
consists of a relatively small number of elements, notably oxygen, 
silicon, aluminum, and iron However, not all these elements are re- 
quited for plant growtiT It was formeily believed that ten elements 
weie essential to plant growth Of these, ^carbon, oxygen , and hydro- _ 

E are obtained from the air and water ’Cine class o? plants— the 
mes— may under appropriate conditions obtain nitr oge n from the 
air as well as from the soil Phosphorus, sulphur, potassium, calcium, 
iron, and magnesium are ob tamed by tKe*plant from the soil. Modern 
science has added several other minerals that appear essential to a well- 
balanced plant growth. These include mangane se, copper, zinc, and 
boron But the great majority of our agricultural soils contain large 
"quantities of the essential elements, with the exception of nitrogen, 
phosphorus, potassium, and calcium These elements aie used in laige 
quantities by plants and yet are likely to be deficient m the soil. Hence 
they are commonly called the “critical soil elements ” 

Soil Color. Color is the most obvious characteristic of the soil In 
itself coloi is of minor importance, yet it geneially selves as a valuable 
indicator of other important soil characteristics In our study of majoi 
soil gioups we will have occasion to consider black, chestnut-brown, 
brown, gray-brown, red, yellow, and gray-colored soils 
In general, black and dark-brown soils are regarded as the most 
fertile This relationship of dark color and productivity is well 
founded, but it does not always hold. Black or brown color m soils 
is generally diie to a high humus content and is commonly associated 
with an adequate supply of chemicals and a favorable soil structure. 
Yet there aie exceptions. Black coloi is sometimes due to a high 
content of a ceitain mineral or to inadequate diamage m humid 
regions 

Red or reddish-biown soils are generally less fertile than black or 
daik-brown soils They are widely distributed in semi-tropical and 
tropical legions The red color indicates the presence of iron com- 
pounds known as iron oxides that have developed in areas of good 
diainage . 7 

" Ft clinically these iron compounds arc unhydrated iron oxides. 
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Yellow soils, on the othei hand, aie believed to be due to hydrated 
iron oxides Since hydration implies the chemical union of water with 
the iron oxide, these soils would appear to develop m areas that have 
imperfect drainage or that weic formeily handicapped by pool drain- 
age conditions. In general, the yellow soils have a low inherent pro- 
ductiveness. 

Light-colored soils, whethei they aie yellow, giay, oi white, aie 
geneially regarded as unfavorable for farming, except foi special ciops. 
A giay coloi may be due to lack of sufficient oxygen or to low con- 
tent of organic mattei and non In cool, humid regions, such as the 
vast expanses of the noithein forest of Canada and Sibena, the iron 
compounds and oiganic mattei have been thoroughly leached, thereby 
causing a giay color in the soil. The paucity of oiganic, mattei in 
deseit areas gives rise to light-coloied soils Accumulations of cal- 
cium carbonate and othei salts (“alkali”) may even impait a white 
color to the soil White soils are considered the least fertile 8 

Soil Texture By texture we mean the mixtuie of soil pai tides of 
different size Individual pai tides lange m size fiom stones, cobbles, 
and gravel, through the various classes of sand (coarse, medium, line, 
and very fine), to the silts and clays. Accoiding to the United States 
Buieau of Chemistry and Soils, the size m each of these texture classes 
ranges between certain limits, which have been ailntiaiily fixed at 
diameters of moie than 2 millimeters foi stones, cobbles, and gravel; 
2 to 0 05 millimeter for sand, 0 05 to 0 002 millimeter foi silt, and less 
than 0.002 millimeter for clay 0 But a given soil seldom consists of 
only one of the above texture classes. There is generally an intei- 
mixture of different sizes The varying proportions of these sizes 
determines the texture classes of soils The chief classes in the order 
of the increasing content of silt and clay are as follows’ sand , loamy 
.sand , san dy loam, silt-loam, clay loam, and clay. Clay includes’" the 
finest particles that can be seen even with a micioscope. However, 
still smaller particles exist— inoi game colloids, or colloidal clays, Fine 
soils have a total surface area larger than that of coaise-textured soils 
A pound of colloids spread out on a flat suiface would cover an area 
of about 5 acres. It is from the surface of soil particles that plant 
roots draw much of their nourishment. Consequently, fine soils pro- 
vide larger feeding areas for plant roots and, lh general, yield more 
abundantly than do coarse-textured soils (Fig. 37). 

s "Soils and Men," Yearbook of Agriculture, 1938, U S Government Printing 
Office, pp. 892, 893 

“ Op, eit , p. 893. 
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Fig. 37, Proportionate amounts of sand, clay, and silt in major texture classes of 
soil. (Bureau of Chemistry and Soils, U S Department of Agriculture ) 



Crumb Granular Fragmentary Angular Nut 

Fig. 38. Some examples of soil structure. (U. S. Department of Agriculture ) 


90 THE GEOGRAPHICAL SIGNIFICANCE OF SOILS 

Soil Structure. You have perhaps picked up a handful of soil and 
found that the various particles cling together in veiy small clusters, 
groups, or aggiegates This grouping of individual soil grams into 
aggregates is known as soil structiue. Thus, just as textuie lcfers to 
the size of soil pai tides and the proportion of vauous sizes, so stiuctiue 
pei tains to their arrangement The individual giains of soil ate gen- 
erally held togethei in aggregates of di/feicnt sizes and shapes, such as 
crumblike, granulai, fiagmentaiy, platy, shotlike, nutlike, and pns- 
matic A well-knit soil structure is due mainly to the piesence of 
humus and certain materials, such as calcium, potassium, and manga- 
nese, that cause the various soil grams to cohere Such a structure 
depends also on a good physical condition of the soil and is commonly 
found in silts and clay soils that have a good colloidal content It 
therefore appears that calcium, mineral plant foods, humus, and or- 
ganic as well as inorganic colloids all play an important part m causing 
the soil particles to cohere and form a good soil stiucture 

Structure is one of the most important chaiactenstics of soils If it 
were simply a matter of soil textuie, then fine-textured soils like clays 
and silts would tend to become compact and impervious to water On 
the othei hand, we are well aware of the fact that many of our fine- 
grained soils aie not impervious. Plant roots pcnetiate them with 
ease They admit watei and soil air, and they piesent a good physical 
condition for the development of plant loots When we examine 
such soils we find that the grains or particles aie giouped to form 
aggregates or gianules, which behave as individuals, with air spaces 
between them. These aggregates in turn are sometimes arranged into 
still larger masses separated by even larger air spaces (see Fig 38). 
Under such conditions a fine-textured soil becomes well aerated and 
m this lespect acts much as though it consisted of coarse-textuied 
particles like sand 

It is now known that stiucture plays an impoitant part m the pro- 
ductivity of different lands of soils, and that it is just as important 
to maintain good structure as to maintain a good chemical balance 
Recently the farmers of the Great Plains have been faced with the 
problem of maintaining a rough, finely clodded surface on their soils 
so that blowing may be prevented. In humid regions the presence of a 
fine-textured, impervious clay soil located on slope land results in 
serious erosion which would not occur if the soil had a good nutlike 
or granular structure that would be readily penetrated by water. In- 
stead the impervious soil does not absorb the water, but rather causes 
it to run off the surface so rapidly that much soil is eroded. 
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Granulai and crumblike structures are the most important for ciop 
plants. Such types of structure commonly develop under grass or 
other close-growing vegetation, but crumb structure is sometimes also 
found in forested areas, especially where there is a considerable under- 
growth or a dense ground cover of vegetation By the growing of 
grasses and legumes, and by the application of lime and fertilizers, 
the farmer can help m the development and maintenance of a favor- 
able soil structure. 

Organic Substances and Bacteria m Soils In addition to the 
various chemical and physical characteristics of soils, there are bio- 
logical ones Living things ultimately return to the soil, where they 
are broken down by untold numbers of microscopic organisms and 
become humus, which is the well-decomposed part of the organic 
matter. Like the colloids, this decomposed organic material is grad- 
ually leleased as the humus is further decomposed into simple mineral 
salts, carbon dioxide, and water In addition humus has a great deal to 
do with the development and the maintenance of good soil structure 
Hence a permanent and pioductive agriculture calls for adequate sup- 
plies of organic matter such as legumes and grasses, so that the humus 
content of the soil may be maintained 
Soils teem with microscopic life— bacteria, fungi, algae, protozoans— 
as well as with various larger organisms. Each of these has its effects 
on the soil The microscopic organisms especially are busy bringing 
about chemical and physical changes of enormous importance to man’s 
use of the soil. Among other things they break down complex organic 
substances into simpler forms, they furnish nitrogen for plant growth 
There is no true soil without organic matter 
Some bacteria known as Azotobacter can use the nitrogen of the 
air in building up proteins within their bodies and thus by continued 
growth and death can increase the nitrogen content of the soil. 

The beneficial effects of legumes is due to the nodules in their roots 
These are caused by bacteria that penetrate the rootlets and stimulate 
the plant to produce a growth at that point. The bacteria grow and 
reproduce inside the nodule, getting then carbohydrate and mineral 
food from the plant and their nitrogen from the air to form proteins 
that are released to the plant. Legumes, therefore, are able to grow 
normally in soil poor in nitrogen, provided that other conditions such 
as soil reactions and available minerals are favorable 
The living microscopic organisms that swarm in the soil aie the 
agencies that break down raw material into humus, and this again into 
simplei elements. They do this in the process of getting food foi 
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themselves and building up then own bodies They in turn die by 
uncounted billions, to add to the organic matter of the soil Bacteria 
are not the only miciooiganisms that cany on the processes of de- 
composition Fungi aie numerous and active especially under foiest 
conditions 

Soil Depth In a state of natuie two processes are always at work 
on the soil, One is constructive, the other is destructive. Soil is being 
formed continuously by the alteration of the underlying materials, at 
the same time, soil is being removed at 01 neai the suiface by ciosion 
and by leaching (dissolving by percolating watei). If soil formation 
exceeds soil removal the soil increases m thickness; if soil removal 
exceeds soil formation the thickness of the soil decreases. Thus m 
large level areas such as those found in paits of the Gieat Plains of 
the United States and m the level plains of southern Russia, the resi- 
dual soils may range between 20 inches and 6 feet oi more in depth 
over wide areas 10 In many rugged aieas the soil may be destroyed 
almost as fast as it is formed, and thus it may remain very thin In 
extreme cases the soil may completely disappear, leaving solid lock 
at the surface 

Ideally, the old soil at oi near the suiface should be lemoved at 
about the same rate as the formation of new soil. The gradual re- 
moval of the top soil is often beneficial This lcmoval is especially 
desirable in the wet tropics where heat and moistuie combine to 
hasten chemical weathering so that the surface layeis of the soil soon 
become old and depleted of their mineral and vegetable plant foods. 
However, erosion of soil that greatly exceeds the rate of formation 
is always objectionable and usually indicates misuse of the land. 

Fertility of Soils Although we may consider one soil more feitile 
than another, the value of a soil depends mainly on the use to which it 
is put, and, m a broader sense, eveiy soil is fertile. Soils that aie suit- 
able foi certain kinds of crops may prove a failuie as a seed bed for 
other crops. Some crops give best returns on sands; others on clays. 
Moisture-tolerant plants will often yield large returns in poorly drained 
soils, whereas drought-tolerant plants would require a much drier seed 
bed. Some plants give good returns only on soils that are well sup- 
plied with lime (either naturally or artificially) ; other crops appear 
to be acid-tolerant. Moreover, when a soil is called “fertile” oi “in- 
fertile,” reference is generally made to crop plants, though as a matter 

10 Atlas of American Agriculture; Part III, U. S Department of Aguculturc, 
p 72, 193 S, 
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of fact every soil is fertile to some plant Also, many wild grasses 
grow on steppelands, where the soils are dark-colored and durable, 
possess a good structure, and contain an excellent balance of mineral 
plant foods. Yet despite the high quality of the steppeland soils, the 
steppe regions have a low and uncertain precipitation Hence, the 
chief grain-pioducing aieas of the woild at present are the humid 
lands Nevertheless, it is attempted to make the humid-land soils as 
much like the soils of the steppe as possible 



Fig. 39 The soil profile, showing die horizons Note that the soil or solum com- 
prises topsoil plus subsoil, or, more specifically, the A and B horizons (U S 
Department of Agriculture) 


But m the last analysis not all land is fertile, because not all land 
has soil. For example, the earth’s surface contains extensive areas of 
bare rock, which must be broken by weathering The weathered 
material is made into soil by living organisms, especially microorgan- 
isms Moreover, soils and plants develop together, each influencing 
the other. 

The Soil Profile. The broad differences in soils may be readily 
seen where the soil layers are exposed, as along road cuts and excava- 
tions. These layers, known as soil horizons, in mature soils include the 
upper or A horizon, an intermediate or B horizon, and a lower or C 
horizon (Fig. 39) These make up the soil profile. The surface layer 
or A horizon generally contains an abundance of organic material and 
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microscopic organisms. This is the horizon of cultivated ciops In 
most soils of humid legions the A honzon is one of leaching and 
eluviation (fine particles being washed out of it), and it geneially 
diffeis in texture, structuie, and color from the undei lying B houzon 
In most soils of humid legions the B houzon leceives the finci particles 
that are washed into it fiom the ovei lying soil In some places the 
amount of such material has been so gieat that this houzon has be- 
come quite compact and impel vious. Togechei, the A and B horizons 
ate the true soil 01 solum, below which we find the C houzon 01 paient 
material fiom which the overlying soil has been developed 

Maturity of Soil Formation It has been generally known that soils 
pass through stages of development Some are old, others aie mature, 
still otheis may be immature 01 young, and some may be simply 
altered 

A mature soil is one that has well-developed characteristics pioduced 
by natural processes of soil formation and is in equilibrium with its en- 
vuonment Such soils are generally produced on well-drained parent 
materials The mature soil also has a well-developed profile, it is the 
product of a slow evolution m its natural environment The fullest 
development of the soil piofile is likely to occur on the smooth, level, 
undulating, and, m places, rolling lands where theie is neither too 
much standing water as on some of the very level lands not too active 
erosion as on steep slopes Under such conditions a soil will develop 
in which the profile is mature, and its horizons will reflect to a con- 
siderable extent the influences of climate, organic matter, and bacterial 
action of the natural environment. The soil profile cannot develop to 
the fullest extent if the soil-making forces aie interfered with. 

On the other hand, a soil cannot be fully developed if the land is 
either too level and waterlogged or too steep and rapidly eioded 
Moreover, there cannot be well-developed soil profiles in areas that 
receive constant renewal of new materials, such as flood plains receiv- 
ing a steady renewal of alluvium. 

These soils have a profile, but generally either the parent material 
or the slope of the land has pioduced an effect that overbalances the 
important soil-making forces (climate and vegetation) Such soils are 
often called intrazonal They are found scattered here and there in 
various areas among the mature or zonal soils of the world A good 
example of these immature soils may be seen in Java, a humid tropical 
island in which one would expect to find laterite However, Java 
has youthful volcanic soils on many of her slope lands, The slope 
soils are removed before they can express fully the forces of climatic 
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and vegetative environment In the valleys alluvial materials are found 
Such materials are renewed from time to time by the overflow of the 
rivers and streams 

MAJOR CLASSES OP SOILS 
Methods of Classification 

Prior to the beginning of the present century, soil classification was 
based largely on the types of parent materials from which the soils 



Fig. 40, The major soil groups of the world, according to Glinka, Marbut, and 
others. (U S Department of Agriculture ) ^ 

were derived They were called residual, alluvial, glacial, or volcanic 
according to the parent materials Later studies, and even previous 
studies, indicated that the types of soils were influenced not only by 
parent materials, but also by climate, vegetation, age, and the slope., 
of the land (land forms). 

The present classification used by agricultural experts is too com- 
plicated to be grasped quickly No general and simple classification 
can account for many of the details of soil conditions and soil dis- 
tribution in any specific area This brief discussion deals, therefore, 
with some of the general principles that determine the broad classifica- 
tion of soils, together with the general location of major types (Fig 
40 ). 
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Major Mature Soil Groups 

The matuie 01 zonal soils may be divided into two majoi divisions 
soils of humid regions or non-lime-accumulating soils, and soils of 
subhumid grasslands and deseits 01 lime-accumulating soils The 
lime-accumulating soils are chaiactenzed by the presence of a zone 
rich in lime, usually m the subsoil, whereas the other majoi soil divi- 
sion contains no zone of lime accumulation but gives an acid reaction 
throughout both soil and subsoil The piesence 01 absence of lime 
is 'dilectly related to the climatic conditions under which the soil 
developed. Hence soils reaching matmity in aieas of aridity to scmi- 
andity are lime-accumulating, whereas soils developing m areas with 
abundant precipitation are generally deficient m lime Moreover, the 
native vegetation shows a close relationship to these majoi divisions, 
the non-lime-accumulating soils developing largely undei a cover of 
forest, the lime-accumulatmg soils chiefly in legions of grassland 

The presence of an abundance of lime in soils beais a veiy direct 
relationship to agricultural production, partly because lime is needed 
by most crops and partly because the presence of lime indicates an 
abundance of some or all of the othei essential mineral feitilizcis 
Although there are acid-toleiant plants, most farm ciops give maxi- 
mum returns only when the soil is well supplied with lime Legu- 
minous plants (clover, alfalfa, beans, peas) usually lequire an abundance 
of lime, and some of these plants do not grow well wheie acid condi- 
tions exist. This is par ocularly true of alfalfa, led clover, and sweet 
clover . 11 Moreovei, certain weeds are much moie tioublesome on 
acid soils than on soils well supplied with lime Among these plants 
are sheep sorrel, corn spurry, and horsetail rush. In parts of the 
United States it not infrequently happens that land which is acid is 
so thoroughly infested with sheep soirel 01 hoisetail rush that an 
application of lime is profitable for the eradication of the weeds alone. 

Soils of Humid Regions Non-Lime-Accumulating Soils 

Since soils of humid regions are developed under relatively heavy 
rainfall, they are, as a whole, much leached They are not only lack- 
ing in a zone of lime accumulation, but they are also commonly low 

^Four tons of cored alfalfa remove twenty times as much lime from the 
soil as the straw and grain of a 30-bushol wheat crop. A ton of alfalfa hay 
contains 100 pounds of lime. R, A Moore, Alfalfa m Wisco?imi, Wisconsin 
Agricultural Experiment Station, Bulletin 308, 1919, p, 11 , 
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in potash, phosphates, and nitrates— mineral ingredients essential to 
maximum production Since they have normally developed under a 
natuial vegetation of foiest, the organic matter is eithei incorporated 
m the soil slowly, or as is the case in hot, wet lands, the vegetable 
matter is quickly removed by chemical decomposition and percolatmg 
watei As a result, the color of the soil is light However, both the 
chemical and mechanical piocesses of soil formation diffei in warm 
regions fiom those of cold 

Processes of Soil Making in Humid Areas The dominant soil- 
malang processes of humid areas are ( 1 ) la.tenza.tion in warm areas and 
(2) podzoltzation m cool or cold areas. Latenzation is the dominant 
soil-making process of warm moist climates and soils made by this 
process are known as lateritic soils Since warm humid conditions 
favor lapid chemical reaction, the organic materials of the soils decay 
lapidly and are quickly leached out Likewise because of an abun- 
dance of percolating ground water in moist regions, the readily 
soluble minerals are lapidly lost by leaching. Even much of the silica 
is dissolved The ultimate stage of this process results m a soil made 
piimanly of hydroxides of aluminum and iron and is called latertte 12 
However, this final stage of soil development is seldom reached 

The dominant process of soil making of cool or cold humid regions 
is podzoltzation In the subarctic forests, owing to cold climates, the 
processes of soil making are unlike those of latenzation. Organic 
matter decays slowly, and consequently it accumulates on the surface. 
This layer of pme needles and other foiest debris absorbs water, re- 
mains wet most of the time, and becomes acid This acid-bearing 
water percolates through the upper soil leaching out the . iron and 
aluminum compounds, leaving the remaining materials high m silica 
In the subsoil there is an accumulation of partly decayed organic 
matter, iron, aluminum compounds, and other minerals The final 
product is a relatively unproductive, acid soil called “podzol.” 

Soil Belts of Humid Regions. Soil belts of humid lands are closely 
related to the temperatures of various parts of the world. In the 
hot, wet tropics most of the soils have undergone latenzation and 
may be classified as latentic soils Yet few of them are true latentes 
Similarly in the cold or cool regions of high latitudes, most of the 
soils have undergone podzolization and are podzolic types Yet few 
of them are true podzols Between these two zones of latentic and 

12 Soils weathered from rock ncli in iron have a red or brown color or even 
a dark-red color Some are nch enough in iron oxide to be used as iron ore 
Other soils, especially the lower horizons, may consist largely of hydrous oxides 
of aluminum ores (bauxite) 
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podzolic types, mteimediate types exist Since these types aie lelated 
to tempeiature conditions of the humid parts of the eaith, they form 
rude belts or zones of soil (Fig 40) Moieovei these soils have a 
very definite relation to human activities and -well-being as indicated 
by a general suivey of the following soil types 

Latentic Soils. Mature soils of waim, moist climates aie developed 
laigely by latentic decomposition of the locks (p. 97), yet they aie 
not alike The parent lock differs gieatly fiom one area to anothei, 
the slope of the land varies matenally from region to legion, theie 
are various degrees of latenzation, and, finally, some aieas of latenzcd 
soils have been influenced more oi less by podzolization 

Lateritic soils of warm wet lands. Most lowlands neai the 
equator are warm and moist throughout the year and suppoit broad- 
leaved evergreen tiopical rain forests The soil gioup of this area 
possesses certain characteristics which make it distinctive among non- 
lune-accumulating soils It is generally led in color as a lesult of the 
high residue of iron left after excessive leaching. It quite commonly 
possesses an open, honeycombed structuie that makes it poorly suited 
to cultivation In addition, because of excessive leaching which le- 
sults from heavy tropical rainfall, this soil is low m phosphates, potash, 
and nitrates, and the alkaline earths such as calcium and magnesium 
are almost completely absent 

In many parts of these tiopical regions the animal life is also a 
factor of marked impoitance m the decomposition and disintegration 
of organic matter and m the development of soils. “According to 
the work of Keller the activity of earthworms is, in the tropics, very 
important, one species, Geophagus darwnni, a Madagascai woim at- 
taining a length of more than three feet and a diametei of more than 
three-quarters of an inch Within a half hour’s tune such a worm 
will discharge 100 grams of moist earth from its body. . . . No less 
important is the work of ants (reunites), which destroy tree trunks 
and. reduce them to fine powder,’’ 18 The immediate result of the 
work of these worms is to improve the soil by making it moie porous, 
but the ultimate result is to impoverish the soil since the pulverized 
material is quickly leached away in these areas of abundant piecipita- 
taon. 

Deficient in lime and humus and containing little of the mineral 
plant foods, latentes are generally considered poor soils. But this 

14 Reprinted by permission from The Great Soil Groups of the World and 
Their Development, by IC. D. Glinka, translated by C P Marbut, Edwards 
Brothers, 1927, p 50 
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infertility is partly offset by favorable climatic conditions for plant 
growth, and these soils constitute a valuable resource for the produc- 
tion of plantation crops such as bananas, cacao, oil palms, spices, and 
rubber. However, a large percentage of the latentic soil is still under 
forests in which small patches of land have been cleared and are given 
mainly to the production of food for the native peoples But in these 
tropical lands the abundant precipitation and high temperatures com- 
bine to cause rapid chemical weathering, and the soils m the small 
clearings therefore become quickly depleted of mineral plant foods 
essential to profitable agricultural production Thus, in areas where 
such native cultures are found, the inhabitants move from place to 
place in the tropical forests as the cultivated soils are reduced m 
fertility. New clearings are made m the forests, and a luxuriant 
vegetation once more occupies the abandoned cultivated land. 

Lateritic soils of tropical and humid-subtropical regions of 
rederths and yellowerths The rederths and yellowerths, developed 
largely by lateritic processes, are situated poleward of the tropical 
rain forests in areas where the rainfall is less uniform and the tempera- 
tures, for part of the year at least, are lower than those of the tropical 
ram forest They reach their widest distribution in the humid sub- 
tropical and low-latitude wet-and-dry climates to be discussed later 
Like the latentes, the non-hme-accumulatmg red and yellow soils are 
low m humus, phosphates, potash, and nitrates. But they are not so 
thoroughly leached as most of the lateritic soils of the tropical rain 
forest Nevertheless, fertilizers are usually needed for continuous 
crop production on these soils, especially on the red and yellow soils 
of our cotton belt Where fertilizers are not used, it frequently be- 
comes necessary to abandon the cultivated land and seek new clear- 
ings when the crop yields decline— a common practice among many 
peoples living in the low-latitude regions Thus on many plantations 
in the West Indies, especially in Cuba, new land is cleared for sugar 
cane as the cultivated soils are depleted in fertility by continuous 
cropping But such utilization of the land is possible only where the 
population is relatively sparse and agricultural land abundant. In the 
rederth and other laterized areas of China, where a dense population 
presses upon the bands of subsistence, all fertilizing ingredients are 
highly treasured and carefully conveyed to the intensively cultivated 
fields . 11 

14 The Chinese rederths are generally more youthful and ferule than those 
of the North American cotton belt, -which accounts in part for their greater 
durability. 



100 THE GEOGRAPHICAL SIGNIFICANCE OF SOILS 

Podzolic Soils of Cool or Cold Wet Land. Matuie soils of cool, 
moist climates are developed laigely by the piocess of podzolization. 
Yet, as is tiue of latcntic soils, they are not all alike Paient ma- 
tenals, degree of slope, amount of vegetation, rapidity of podzoliza- 
tion, and modification of the soils by Iatenzation all have then effect. 
(Duung the short, hot summer, some Iatenzation takes place in le- 
gions where the main process of soil foimation is podzolization.) The 
two most important groups of podzolic soils me (1) the giay foiest 
soils, and (2) the giay-brown soils 

1 The gray i orest soils 1B These soils covci a moie extensive aiea 
than any other podzohzed soil They occui in the noithem foiestcd 
region of Europe, Asia, and North Amenca (Fig, 40) The flooi of 
these forests— primal lly pme—are covered with forest debus (resinous 
pme needles, twigs, etc.) The low temperatures of these legions re- 
tard bacterial action and permit the accumulation of a thick covering 
of half-decomposed, moistuie-retentive organic mattei on the forest 
floor 

Because of the relatively high moistuie content of these soils, they 
are subjected to the influence of abundant peieolatmg watcis which 
carry acid fiom the fermenting vegetable covenng down into the soils 
These peieolatmg waters also pi event the accumulation of lime car- 
bonates and even remove in a relatively short time any of that material 
that may have been present originally m the paient rock Thus the 
surface horizon is leached of iron and alumina and has a low content 
of soluble mineral salts 

One of the best known of all the giay forest soils is the podzol, 
which covers huge areas of land in the northern coniferous forest of 
Eurasia (p 95) and North Amenca. In North America podzol ex- 
tends northward from the upper lake region of the United States 
through the extensive forested region of northern Canada (Fig. 40) 
The top soil of the podzol is extremely low in black humus and soluble 
mmeial salts Moreover, in the development of the podzol, bleaching 
of the surface soil has been very marked, foiming an ash-coloied sur- 
face In fact, podzol is the Russian term for “soils the color of ashes.” 
Below this ash-colored topsoil lies a coffee-brown horizon which is 
generally high m slightly decomposed organic matter. In some places 
this horizon is indurated to a hardpan by matenals (iron, alumina, and 
some alkaline earths) obtained fiom the suiface soil 16 

16 The gray forest soils are Indicated as podzols in Figure 40. 

18 H. L. Shantz and C, F. Marbut, Vegetation and Soils of Africa, American 
Geographical Society Research Senes, No 13, p. 121 
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The long winters and short summeis of most parts of this area are 
not conducive to great agricultural development Where given to 
crops, the typical podzol is geneially found to be acid and deficient 
in organic mattei Farmers who cultivate this type of soil frequently 
make heavy applications of lime and plow under leguminous crops 



Fig 41. The major soil groups of the United States The heavy black line 
divides the nan-kme-accumUlatang soil division of the humid East from the lime- 
accumulatmg soils of the arid and semi-and West (After the U S Bureau of 
Chemistry and Soils, and L A Wolfanger ) 

and manure, The most common legumes grown for this purpose are 
alsike and red clover Hardy cereals and vegetables are also grown, 
but the greater part of these northern regions is still covered with 
forests It has been estimated that forests still cover more than 65 
per cent of the podzol soils of European Russia, and in America the 
forest still retains its hold on practically all podzol soils 
2 The gray-brown soils These soils are podzolic soils but they 
are not fully developed podzols. In North America they extehd from 
the red and yellow earths of the cotton belt northward to the podzols 
of the upper lake region, and eastward from the black prairie earths 
of the corn belt to the Atlantic Ocean (Fig, 41). They also cover 
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large areas of land in western (manne) North Ameiica and north- 
western Europe In all probability moie complete soil suiveys will 
disclose a widespread occunence of these soils in other forested parts 
of the world. 

From the standpoint of fertility, the giay-biown soils command a 
1 datively high place among non-hme-accumulating soils They aie 
generally less leached of mineial plant foods and humus than the 
laterites, rederths, and podzols, and, in addition, their stuictme is 
generally superior 

Soils of Subhumid Grasslands and Deserts Lime- Accumulating 

Soils 

In many parts of the world both within the tiopics and within the 
temperate zones, the climate is too dry to support foiests but moist 
enough to support grass or other vegetation. Under such conditions 
the types of soils are more dosely related to the amount of rainfall 
and to the natuie of the vegetative covering than to temperatures. 

Black and Dark-Brown Grassland Soils. In many subhumid le- 
gions the climate is moist enough to suppoit a heavy stand of grass 
and perhaps a few trees here and there m favoiable locations, but too 
dry to support a forest. Under such conditions, the accumulation of 
dead ^rass and grass roots supplies an abundance of oiganic mattei 
(humus) to the soil. Since this accumulation takes place undei con- 
ditions of low or modeiate moistuie supply, the humus does not be- 
come acid. 

Prairie Soils. Prairie soils are intermediate soils which do not fit 
clearly into the subdivisions of either lime-accumulating or non-hme- 
accumulating soils They have no horizon of lime accumulation ex- 
cept m the drier borders, yet they are neutral rathei than acid The 
dark prairie soils reach then maximum development m the western 
hemisphere and are narrowly limited in distribution m Euiasia The 
Umted States contains a large north-south-trending belt of black and 
darlt-brown prairie soils— an area that includes the western two-thirds 
of the corn belt The prairie soils of the United States constitute the 
westernmost group as well as the most fertile group of non-lime- 
accumulating soils (Fig. 41) 

These soils developed under a grass cover in a region where the 
precipitation ranges from 20 to 40 inches. The precipitation, how- 
ever, is not sufficiently great to cause excessive mechanical weathei- 
ing, r and the average prairie soil is well supplied with mineral plant 
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foods and generally contains a well-knit, giannlar structure which 
facilitates cultivation In addition, the topsoil is deep and rich in 
humus, having developed under a grass cover, and, therefore, con- 
stitutes an excellent seed bed for crop production 
The agricultural value of the dark prairie soils is reflected in the 
cultural landscape of the North Amencan corn belt, which is the 
largest area of feitile, well-diained agricultural land m the United 
States 



Fig 42, The major soil groups of Asiatic U,S S R (After Shultz ) 


Black Soils of the Extensive Grass-Covered Plains In the exten- 
sive grass-covered plains of middle latitudes are found some of the 
most fertile and durable soils known to man Lying west of the black 
prairie soils of North America is a long north-south-trendmg belt of 
black earth. The soils of this belt occupy the eastern part of the 
Great Plains (p 101) and correspond in many respects to the black 
soils (chernozems) of the Soviet Union, which occupy a region that 
stretches from east to west, with minor interruptions across the south- 
ern part of the country (Fig. 42) 

Like the dark-colored prairie soils, the blackerths of the Great Plains 
have a good structure and an abundance of humus, and they contain 
a large supply of mineral plant foods and lime. These soil character- 
istics have developed not because of a certain remailcable type of 
parent material or rock formation, since blackerths are found on many 
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different kinds of locks, but rathei because of the conditions of 
climate and native vegetation m then aieas of occuncncc They have 
developed m the presence of a quantity of moistuie (approximately 
15 to 20 inches), which, though sufficient foi a lapid and eneigetic 
decomposition of the oiganic substances, is nevertheless insufficient 
to cariy them away in laige quantities Hence, humus accumulates, 



Fig 43 Plowing black, lime-accumulating soil in western Canada These black- 
eiths of the Great Plains of Noith America possess an excellent stiucture and arc 
among the most durable soils m the world 


and the typical topsoil of the blackeiths is well supplied with humus 
In addition, since the rainfall is lelatively low, it does not leach away 
the lime and essential plant foods 

For ci op production, these soils constitute a deep, rich seed bed, 
and agricultural operations are facilitated in this mellow earth (Fig 
43) These soils are handicapped, however, by being located in rela- 
tively dry regions, where the rainfall sets narrow limits to the type 
and variety of crops which may be produced. The chief crop is 
wheat. In Russia, the east-west-trending blaclcerth belt is the mnjor 
wheat-producing region of that country It is the region m which at- 
tempts to increase production are being carried on with great energy 
There seems to be no doubt that total wheat productioii can be greatly 
increased if the natural capacity of the region is fully or even only 
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moderately utilized The area is large and well adapted to low-cost, 
laige-scale pioduction of high-quality wheat 17 

Light-Colored Soils of Subhumid and Desert Areas. These soils 
occupy areas in winch the lamfall is less plentiful and the cover of 
native grasses is less luxuriant than m the regions wheie the black and 
daik-brown soils piedommate Since the soil contains relatively little 
vegetable mattei it is light in color. 

The chestnui -brown and brown soils In the Great Plains of 
Noith America the chestnut-brown soils aie found in a long noith- 
south-ti ending belt which lies immediately west of the blackeith belt. 
In the still dner legion located west of the chestnut-brown soils, the 
surface soils are lightei, being chiefly blown and light brown in color 
In Russia a laige belt of chestnut-brown soils bordeis the blackerth 
belt on the south, whereas still further south the brown and light- 
brown soils predominate These soil belts, unlike their corresponding 
legions m America, extend from east to west 

The chestnut-biown and brown soils, though lower in humus con- 
tent than the black soils located along their more humid margins, 
possess a good soil stiucture and aie relatively well supplied with 
essential mineral plant foods and lime, yet they are used mainly foi 
grazing, ciop production being of secondary importance Wheat is 
still the giain crop best adapted to these areas, yet failures mainly be- 
cause of drought aie relatively frequent On the chestnut-brown soils 
of Russia a failure of three or four crops in ten is not considered 
excessive , 18 

The Gray Desert Soils In arid lands, because of the meagei lain- 
fall and sparse vegetation, chemical weathering is at a minimum On 
the other hand, mechanical disintegration, which in desert regions is 
caused mainly by extremes in temperature and by the action of frost, 
is sufficient to bring about a development of a shallow top horizon of 
fine-grained earthy material. In these regions of scant vegetation, the 
humus content of the soil is low, and there is essentially nothing to 
bind the soil and to prevent it from being blown about by strong desert 
winds 

Grazing constitutes the most widespread economic activity in desert 
lands. Heie vast stretches of soil are utilized by migrating bands of 
nomads who frequently travel great distances in search of the scanty 

17 C F Marbut, “Agriculture in the United States and Russia," Geographical 
Review, Vol. 21, 1931, p 609 

18 Ibid. 
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pastuiage covering these legions Soils utilized for crops are confined 
to the oases (pp 285-290) 

SOIL CONSERVATION 

People who settle m a new countiy give little thought as a rule to 
conservation problems, since such people may easily acquire additional 
lands when then original holdings “nin down” and aic abandoned 
But when a countiy loses its chaiactcustics of youth, and when the 
population mci eases and spreads into the marginal aieas, then the prob- 
lems of soil erosion, ciop lotation, and piopei fertilization become 
increasingly impoitant 

The Soil Erosion Hazard The most impoitant factor in soil eiosion 
is running water. As soon as the locks decay, lain water begins to 
pick up paiticles of the residual pioduct and cany them away in the 
direction of the oceans Theie will always be erosion as long as there 
are any slopes down which watei will flow But “the effectiveness of 
the process fiom place to place will vary with a number of natural 
and artificial variants. Man is doing much to accentuate the process 
and with a degree of efficiency that has brought about some con- 
spicuous examples of earth spoliation, and effected the impairment of 
vast aieas of faun and glazing lands ” 111 
The tiemendous magnitude of soil waste is gencially oveilooked 
In the United States alone about 513,000,000 tons of silt and 270,000,- 
000 tons of dissolved matter are discharged annually to the sea by the 
nveis of this country This eiosional ddbiis contains approximately 
126 billion pounds of plant food-potash, phosphate, nitrogen, lime, 
and magnesia. The total loss of these minerals exceeds, by approxi- 
mately twenty-one times, J0 the annual net loss of plant food lemoved 
in crops 

Probably not less than 10,000,000 acres of upland m this countiy, 
once of medium to good value for agncultuie, have been permanently 
destroyed or made temporarily unfit for cultivation by soil wash, and 
m addition about 3,000,000 acres of rich stream alluvium have been 
seriously damaged oi ruined by oveiwash of sand and gravel and by 
increasing swampiness resulting from clogged stream channels and 

111 Reprinted by permission from Mimeographed Material on Sod Erosion and 
Flood Control , by H. II Bennett, Graduate School, U. 8 Department of Agri- 
culture, 1928, p. 1 ib 

40 Op at , pp, 2 and 3. 
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consequent increased ovei flows 21 This is enough land to suppoit a 
nation, it exceeds the total land area of either Denmark or Belgium 
and almost reaches the figure for the total tillable area of Japan 22 

The Missouri Agricultural Experiment Station showed by actual 
measurement that, within 24 yeais, erosion has removed 7 inches of 
the surface soil fiom an important type of Missouri farm land, which 
is plowed regularly to a depth of 4 inches In bluegrass sod, on the 
other hand, the same type of soil erodes at the rate of only 7 inches in 
3,547 years. 

Methods of Preventing Erosion If all the ram watei were absoibed 
by the ground upon which it falls, soil erosion would be l educed to a 
minimum It is obvious, therefore, that m order to prevent oi reduce 
erosive action the soil must receive treatment that is conducive to the 
admission and the storage of large quantities of rain water, and meth- 
ods must be employed to reduce the velocity, and thereby the trans- 
porting power, of the runoff water 

Since the capacity of a soil m storing water depends upon its 
porosity, any treatment that results in an increased porosity of the 
soil will materially reduce erosion This poious condition usually is 
obtained by deep plowing and by a thorough incorporation of organic 
matter m the soil. The treatment of cover, such as seeding land to 
pasture, growing timber, and planting cover crops in winter, also 
tends to check and diminish erosion greatly (Fig 44) Other methods 
that retard the flow of the water and conduct the excess runoff from 
the field with a reduced amount of erosion are contour plowing, hill- 
side ditching, and terracing. 

Crop Rotation and Soil Conservation. Crop rotation— the growing 
of different crops m recurring succession on the same land— was recog- 
nized as advantageous by early agricultural scientists and was made 
the foundation of the improvements m agnculture which took place 
in England, m large parts of continental Europe, and in the United 
States during the last part of the eighteenth and especially during the 
nineteenth century The benefits to be derived from the growing of 
leguminous crops m alternation with the cereals were distinctly recog- 
nized by the ancient Romans, and the benefits of growing intertilled 
turnips or root crops m rotation with barley, clover, and wheat were 

» Op ctt, p 12 

22 The total of this waste land amounts to about 13,000,000 acres The total 
land area of Belgium is approximately 7,000,000 acres, of Denmark about 10,600,- 
000 acres, whereas the total tillable land area of Japan covers little more than 
14,000,000 acres. 
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Fig 44 Erosion in gully arrested by vegetation, after two years* growth. (Cour- 
tesy Soil Conservation Service, U. S, Department of Agueulture.) 





SOIL CONSERVATION 


109 


discovered about 1730 in England. The faimer of ancient Rome 
understood that crops following beans, peas, and vetches were usually 
bettei than those following wheat or barley, but it was not until the 
last quarter of the nineteenth century that people learned that the 
legumes with the aid of associated bacteria have the powei of feeding 
on the free nitrogen of the air, while the non-legummous plants can 
draw only on the nitrogen supply stored m the soil 

The effects of crop rotation on yields are manifold Rotation aids 
m contiolling weeds and certain crop pests and diseases It may 
lender manure and chemical fertilizers moie effective It increases the 
soil supply of organic matter and nitrogen, improves tilth, and con- 
serves the soil reserve of plant nutrients, and the different crops m 
themselves may exert beneficial effects on those that follow 

Much has been written about the increase in nitrogen when legumes 
are grown It must be remembeied in this connection that legumes 
do not increase die nitrogen when the entire crop is harvested and 
permanently removed from the soil But when the legumes are plowed 
under, a large increase in this mineral constituent may result, depend- 
ing upon the quantity of legume growth plowed undei Scientific 
agricultural experiments show that 3 tons of alfalfa contain ISO pounds 
of nitrogen or the equivalent of nitrogen found m the grain and straw 
of 75 bushels of wheat 23 

A study of the long-continued soil fertility experunents of the 
United States and of England, made by the Depaitment of Agricul- 
ture, has disclosed the following facts about crop rotation in its rela- 
tion to soil productivity (1) 111 geneial, drop rotation has been found 
to be practically §5 per cent as effective as farm manure and complete 
commercial fertilizers in maintaining J:he yields, of wheat, _corn, and 
oats, and about 90 per cent as effective as these fertilizers in increas- 
ing the yields of these majpr crops. (2) The favorable effects of crop 
rotation do not impair the benefits derived from the use of fertilizers, 
so that when these two farm practices are combined the one practice 
adds to the benefits of the other (3) In comparison with the effec- 
tiveness of manure and commercial fertilizers, the relative value of 
crop rotation is practically 20 per cent higher on soils sufficiently sup- 
plied with lime as compared with soils that aie acid 2i 

■ij E Greaves, “Does Crop Rotation Maintain, the Fertility of the Soil?” 
Scientific Monthly , Vol 6, p. 45 J. 

44 W W Weir, “Soil Productivity as Affected by Crop Rotation, 1 ’ Farmers' 
Bulletin 1475, pp 1-22 
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Conservation and Supply of Fertilizers The gieat majority of agri- 
cultural soils contain large quantities of all the elements essential to 
plant giowth, with the exception of nitrogen, p hasp hows, and potas- 
sium These aie used by the growing plant m laigei quantities than 
any of the othei elements obtained from the soil, and m the gieat 
majority of soils they aie the most impoitant constituents in ciop 
production. 

Nitrogen This element, which is vital to the giowth of eveiy 
plant, is depleted moie quickly than other plant foods. Theie is fre- 
quently a paucity of mtiogen foi plant giowth in spite of the fact 
that air contains about 80 pei cent puie nitrogen, since plants cannot 
use it in that form 26 It must be taken into the soil through the roots 
of plants in the form of soluble nitrates Because it is soluble in water 
it is more or less rapidly washed away, and a new supply must be 
added This is done naturally, but very slowly, by soil bacteria 
Since nitrogen enteis into eveiy pait of all plant oigamsms, no plant 
can grow without it If the supply in the soil is inadequate, growth 
is stunted. If the supply is exhausted, no giowth at all can take place. 

Nitrogen can be conserved in the soil by following a rotation of 
crops which contains a legume, and by plowing undei as much as 
possible of this legume growth. But m some aicas it is inadvisable 
to follow such a practice, and m other sections it is difficult to get 
legumes to glow The mtiogen must then be supplied artificially m 
some form of mtiogenous fertilizer. 

Nitrate of soda from the Chilean fields and small deposits of potas- 
sium nitrate aie the only natural supplies of nitrogen m a form avail- 
able for fertilizers. Other available foims are ammonium sulphate 
from coke ovens and gas works, cottonseed meal, animal tankage, dried 
bone fiom slaughtei -houses, fish scraps and fton-edible fish, and nitro- 
gen taken from the air through a hydroelectnc process. 

Phosphates. Phosphorus or soluble phosphate is next in ordei in 
the rapidity with which it is exhausted Although it forms a very 
small part of any plant, it is so important that the cells of the plant 
cannot divide if phosphorus is lacking, and therefore growth cannot 
take place A sufficient abundance of phosphate hastens the produc- 
tion and maturity of fruit and seeds. 

as "It must be remembered that the world’s stock of nitrogen is not in com- 
pounds It is at least fiee to make engagements, though not very anxious or 
even willing to do so. With most substances a divorce is necessary before a 
new attachment can be made” N M Feoneman, “A Classification of Natural 
Resource!,,” Science, Feb 20, 1925, Vol 61, No 1573, p, 191, 
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Phosphate comprises more than two-thirds of the 7,000,000 tons of 
feitihzei used m the United States annually and constitutes our most 
impoitant fertilizer material Fortunately, the United States possesses 
the largest known deposits of phosphate rock in the world, making us 
entuely independent of foreign sources 
Phosphate fertilizers may be divided into two classes (1) those m 
which the phosphoius is practically insoluble in water but is m such a 
foim that it can be slowly utilized by plants and (2) those in which 
the phosphorus is readily soluble in water Basic slag, bone meal, bone 
ash, bird guano, and finely ground rock phosphate belong to the first 
class Bone meal, bone ash, and bird guano are valuable fertilizers, 
but they are produced only in comparatively small quantities Under 
certain conditions of soil and climate good results have been obtained 
with finely ground, raw rock phosphate, for example, when it is ap- 
plied with farmyard manure or green manure 
Our most important phosphate fertilizer is acid phosphate, or super- 
phosphate It is manufactured by treating phosphate rock with 
sulphuric acid, and it contains fiom 1(5 to 20 per cent of phosphonc 
acid, of which practically all the phosphorus is soluble in water and 
can readily be utilized by plants Double superphosphate is produced 
m limited quantities in this country It contains from 40 to 45 per 
cent of water-soluble phosphoric acid 
Practically all the present known supply of phosphate rock is pos- 
sessed by a few countries, and most of the commercial production is 
under the control of the United States and France The chief deposits 
under French control are located m Tunisia, Morocco, and Algeria 
Our southeastern states produce nearly one-half of the world’s phos- 
phate rock, Florida supplying about four-fifths of the American out- 
put, and Tennessee most of the remainder The Florida deposits, lo- 
cated near Tampa, consist mainly of stones and pebbles mixed with 
sand and clay. They are worked by both steam shovels and dredges 
On the other hand, large reserves of easily mined bedded phosphate 
deposits are found in Colorado, Montana, Idaho, Utah, and Wyoming 
But the deposits are situated too far from the principal markets to be 
marketed extensively However, some production takes place, chiefly 
at Conda, Idaho, and Garrison, Montana 
Potash Potassium, commercially known as potash, is the third ele- 
ment in the older of rapidity with which it is leached from the soil 
This element is directly concerned in the manufacture of sugars and 
starches in plants, although it does not form a part of them Numerous 
field tests as well as the experience and observations of farmers have 
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shown clearly the necessity for potash m ciop pioduction, not only 
in the effect it has on crop production, but also m the influence it may 
have on crop quality. 

Containing the most extensive and valuable known deposits of 
soluble potassium salts, Geimany tanks fust m the woild as a potash 
produtei. Extensive deposits encncle the Harz Mountains, and in the 
north-central pait of the plain ncai Stnssfmt, m Piussin, lays an im- 
mense deposit of salt, the uppei l.iyeis of which contain 2 billion 
tons of potash Geimany leads not only in pioduction but also m 
potential leserve of this mineial Anothei impoitant pioducei is 
Fiance 

After the discoveiy m Germany of these extensive subtenanean 
deposits of potash and their commercial exploitation, the use of potash 
as a fertilizer became a mattei of common practice in Amenca Be- 
fore World War I almost all the potash used by American fanners 
came from Germany—an unsatisfactory state of affairs, because of the 
long haul from the Geiman mine to the American fauns, and because 
in the event of war between Geimany and othei woild powers the 
supplies might be checked 01 cut off entuely, In 191 1, for example, 
the United States imported about 255,000 tons of potash, 90 to 95 
per cent of which was used in agncultuie. But during the war period 
the incoming supply of German potash was gradually cut down until 
in 1918 less than 300 tons were imported In older to avert a potash 
famine, the United States began to pioduce its own potash This 
domestic product is derived principally from Searles Lake, California, 
as a very pure and high-grade muriate of potash, from the Carlsbad 
field of New Mexico; and from the waste watei of alcohol manufac- 
ture at Baltimore, Maryland, as a high-grade mixture of potash salts 
which may be described as “plant ash ” Other possible sources of 
potash in tins country are the giant kelps of the Pacific Ocean, the 
natural deseit brines of California, and the potash minerals like alunite, 
leucite, and gieensand. Large potash deposits have been found m 
Texas and New Mexico, and commeicial production has begun 


CONCLUSION 

Soils have developed on a gieat variety of parent materials, but 
these materials do not constitute soil In the soil-making process, these 
basic materials have been subjected to a number of physical forces, 
chief of which are climate and native vegetation. Owing to the great 
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range in these two factors from place to place in the world there is a 
great variety of soil types, which, from the standpoint of soil classi- 
fication, fall into two mam divisions, each containing several major 
soil groups. 

For crop production, the most desirable soils possess a thick surface 
horizon, are well supplied with humus, and contain a moderate-to-high 
amount of lime, phosphate, nitrogen, and potash. The soil groups 
that most nearly meetTEese Conditions are found in middle-latitude 
grasslands, especially the blackerth legions of the Great Plains and 
Russia Among other fertile agricultural soils are the dark prame 
soils and the gray-brownerths of middle latitudes. On the other hand, 
in tropical regions with abundant rainfall, the soils are quickly leached 
and, therefore, generally have a poor structure and are quickly de- 
pleted of their fertility 

The various soils will not last indefinitely if they are handled caie- 
lessly, and with increasing intensity the problems of soil conservation 
are confronting the peoples of many lands In numerous areas the 
hill lands are being washed away with a rapidity demanding rapid 
application of remedial measures. In some areas the soil is beginning 
to suffer most seveiely by being depleted of its humus and mmeial 
foods In order to check this soil waste, crop rota tions should be 
practiced wherever possible, and legumes should be given a prominent 
place m the farm layout 
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MAJOR LAND FORMS 

CLASSIFICATION OF LAND FORMS 

^Continents and oceans comprise relief features of the first order 
Each of these may be further subdivided Thus within the oceanic 
areas there ate continental shelves and deep seas The boundaries be- 
tween these two divisions are not always - sharp"" Along the margins 
of the continents the sea floor usually sinks gradually for distances 
ranging from a few miles to hundreds of miles from shore and then 
rather abruptly drops to the abyssal depth of the deep sea These 
shallow margins which in general extend out from the shore to depths 
of approximately 100 fathoms (600 feet) are called con tinental shel ves 
Some authors speak of continental shelves as those portions of the 
continental land masses that are covered by the sea The remainder 
of the ocean with an average depth of approximately 2% miles is 
called the deej> sea . Some areas where the depth of the ocean is ex- 
ceedingly great are called deeps 

The major land forms arejilauis, plat eaus 1 _and mountains These 
terms have been rather loosely used by students ”of~eartK~sciences 
In general, however, pla ins are areas of lo w relief and_ are u sually 
low-lying with respecFto at least part of^Fsurrounding area MosT 
plains are relatively low in" altitude but there are notable-exceptions 
Plateaus are upla nds (S00 feet to 15,000 feet or more) that usually 
'stanTdilstinctly above part of the surrounding area and that-are' or 
have been, prior to erosion, relatively level JWherever erosion has 
deeply dissected such an upland and has rediiced most of its area to 
steep slopes, it is known as a .dissected ^plateau It is then lull-land or, 
if especially rugged, it may be considered mountainous to the lay- 
man. In such a region the summits of the hills or mountains are con- 
cordant, that is, the summits over much of the area have about the 
same elevation, corresponding roughly to the original elevation of the 
plateau before dissection Mmmtam s are mu ch like hills with ex- 
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tremes of relief. Most mountains have been foimcd by folding and 
faulting of the eaith’s crust 01 by volcanic activity. Howevei, as 
already explained, mountains may also be carved fiom high plateaus 


DISTRIBUTION OF MAJOR LAND FORMS 

The oceans occupy about 70 8 pci cent of the eaith’s suiface, the 
land occupies about 29 2 pei cent About 75 per cent of the land is 



Fig 45. Land and water hemispheres The land hemisphere with its pole (center) 
situated m the English Channel contains about 83 per cent of the land surface 
of the earth The water hemisphere with its pole near New Zealand contains 
only 17 per cent of die surface of the earth (After John Bartholomew, The 
Orfoid Advanced Atlas, Oxford University Press, 1942, pp 4, J ) 

situated noith of the equator and is grouped about the Aictic Ocean 
The earth may be divided into hemispheres by locating one pole in 
the English Channel and the other near New Zealand (Fig. 45). The 
northern one contains 83 pei cent of the land surface of the earth 
and is called the "land hemisphere” m spite of the fact that more than 
one-half of it is occupied by oceans. The other hemisphere, “the 
water hemisphere,” contains only 17 per cent of the land surface of 
the earth and is 90,5 per cent water. As travel and transportation by 
air increases, a central location in the land hemisphere becomes in- 
creasingly important Such a location would become especially sig- 
nificant if stratosphere flying were highly developed, that is, if pas- 
sengers and freight wexe carried above clouds, storms, and other ad- 
verse weather conditions. 
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A study of the lelief map of the woild shows that the gieat agri- 
cultmal and industrial aieas of Europe, Noith America, South Amci- 
lca, and Afuca drain into the Atlantic jOeean. Since tiade tends to 
follow gentle gradients, it is only natural' that much of the export 
trade of these continents would gravitate to poits located on the 
Atlantic Coast foi shipment to all parts of the world Likewise, im- 
poits are biought to these same ports for distribution to the inteiioi 
of each of these continents Consequently seapoits of the Atlantic 
Ocean handle a large peicentage of the world’s foreign tiade 


LAND FORMS AND POPULATION DISTRIBUTION 

A comparison of the relief and population maps of the woild (Figs. 
46 and 47) indicates forcibly that the nature of the lelief is a factor 



Fu. 47 The distribution of the population of the world Note the four ninjni 
concentrations of people, that is, the foui great agglomerations Fach dot repre- 
sents 500,000 people 


of major significance in man’s choice of a place m which to live. 
Perhaps no other factoi of the physical environment, except climate, 
has played such a large part in the distribution of the woild’s popula- 
tion, and, indeed, the relief of the land affects the climate and also 
the soil. 

The diverse surface of the earth has made a great variety of human 
adjustments both necessary and possible The high mountain, the 
broad plateau, the level plain, all necessitate differences in human 
activities in order that man may make the best use of his dnvuonmcnt. 
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On mountain slopes where the steepness of the giadient pi events the 
glowing of ci ops, he keeps flocks of sheep and heids of cattle and 
exploits both foiests and mmeials 1 On the other hand, the fertile, 
well-wateied plains usually afford a suitable environment foi exten- 
sive as well as intensive aguculture, and their level surface facilitates 
communication and the giowth of trade centeis 

The lelief map of the world (Fig 46) shows that all the continents 
have mountains, plateaus, and plains, but the relative amount of land 
occupied by each of these lehef features diffeis materially from one 
continental land mass to another More than one-half of Euiope is 
below the 600-foot contour, giving this continent the maximum per- 
centage of easily cultivable land Next in order come South America 
with two-fifths, North America with one-third, Asia with one-fourth, 
whereas only one-eighth of Africa is below that level Much of the 
lemaimng seven-eighths of Africa is too rugged foi ease of cultivation 
even if rainfall were well suited for aguculture 

The relative proportion of highland and lowland, however, does not 
remain the same indefinitely From a geological standpoint theie is 
no permanency The following lines of Tennyson admirably express 
this constant change 

r Theie lolls the deep where grew the tree 
i O earth, what changes hast thou seen 1 
\ There where the long street roars, hath been 
1 The stillness of the central sea 

1 The hills are shadows, and they flow 
I From form to form and nothing stands 
I They melt kite mists the solid lands, 
l Like clouds they shape themsehes and go 

The agents of erosion eventually wear down the high mountain, 
and the lands of the earth are gradually being pushed into the sea 
To offset the loss of land that is being washed away, new land is con- 
stantly being formed 

LAND FORMS AS RELATED TO CLIMATE 

Students of earth sciences have long recognized that land forms, 
after prolonged exposuie to the agencies of weathering, reflect to 
some degree the nature of the climates to which they have been ex- 

1 In certain densely populated areas the great pressure of population upon the 
bounds of subsistence has induced man to cultivate the steep slopes by building 
terraces and practicing intensive agriculture 
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posed Any conipiehensive discussion of this subject must be left 
to the geomoiphologists The puipose hcie is merely to give a few 
of the leasons foi a con elation between climatic types and patterns of 
land forms The student should bcai in mind that climate is only one 
of several factors that influence land foims 

It is a well-known geological fact that locks aie moic lapidly de- 
composed by the chemical action of the atmosphere m a waim climate 
than m a cold one In fact, chemical activity is approximately doubled 
with each mciease of 10° C m temperature Such activity is also 
believed to be gieatei in a climate wheie theie are umfoimly high 
temperatuies than m aieas characterized by tempeiatrue extremes. In 
addition, climate affects land forms indirectly thiough the vegetation 

Land Forms of Humid Tropical Regions High tempeiatuies and 
abundant moistiue and vegetation aie found in tiopical legions, espe- 
cially in the tiopical lam foiests (pp 169-174) In these legions the 
uniformly high temperatures favor chemical weathering of rocks by 
decomposition, which is especially maiked because of the abundant 
moisture In addition, theie is a lrrauiant growth of vegetation, the 
decay of which supplies the watei with oigamc acids which fuither 
mciease the solvent powci Not only docs the vegetation aid lock 
decay chemically, but also the roots of foicst ticcs are a marked 
factor m mechanical weathenng 

The above combination of factois favois the decomposition of locks 
to a considerable depth. This deep layer of weathered material, re- 
tained by a heavy vegetative cover, tends to develop a distinctly 
rounded form even to legions of relatively rugged topogiaphy located 
in tropical lain foiest legions In addition, the abundant lainfall 
finally results m a well-developed diainage system, in which theie is 
usually a considerable numbei of laige perennial tnbutaiies. These 
streams are the major highways of most tropical forests It is foitru- 
nate that nature has piovided such a network of commercial artenes, 
since the constantly high tempeiatures and heavy lainfall combined 
with the rapid growth of vegetation make railroad building expensive 
and the upkeep burdensome Thus within the great Amazon lowland 
—an aiea Iargei than the United States— theie are only two railroads, 
situated thousands of miles apait, and each only a few miles long The 
close network of livers, however, permits man to penetrate deeply 
into the heavy forests in order to exploit its resources. 

Similarly, the riveis of central Africa arc the main highways, and 
until recently only a few laihoads were built except aiound falls or 
rapids wheie they thcieforc became an aid to nvcr transportation. 
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Land Forms in Arid Lands The land forms of and legions con- 
trast sharply with those of humid tropical lands The small amount 
of precipitation in the former is reflected in the general paucrty of 
perennial streams. Intenor diainage is common over extensive areas 
in all the large deserts, the nveis and streams losing themselves m 
the desert lowlands (Fig 48) The relatively few perennial streams 



Fig 48 Interior drainage m the Great Basin of the United States Note the 
numerous north-south-trending mountains located within this area 


that cross large deseit areas have then source m more humid lands 

In and regions the small precipitation and sparse vegetation result 
in but little chemical activity The topographic features of the desert 
aie consequently angular m character because of the slight rock decay 
and the relatively sparse vegetation to hold the products of decay 
(Fig. 49) St eep-sided mesas and . canyo n-walls, and the sharp-angles 
of h ighlands comp osed eveifc»p£ . rela tively, weak limestone, are char- 
actenstiQ of t he a rid environment Such sIopes~located in humid 
lands tend to take a founded form (Fig. SO). 

Mechanical weathering, which in humid tropical lands is caused 
m laige part by the roots of vegetation, lesults in and lands mainly 
from extremes in temperature and from frost and wind-blown sand 
In a region of low atmospheric humidity, heating by day and cooling 
by nig ht are very pronounced) causing expansion, contraction, and 
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bieaking of locks Thus highland slopes of the deseit contain con- 
sideiable amounts of rock fiagmcnts. 

The angulanty of the topography togcthei with the absence of a 
vegetative covering permit the coloung of vatious lock outciops to 
stand out m bold relief and add to the charm which the deseit holds 
foi many visitois 



Fit. 49 The extremely angular charactci of desert highlands is well illustrated m 
the and lands of Arizona Although sharp peahs may be found even m hunud 
tropical regions, they are not common m such areas (Official photograph U S 

Army Air Corps.) 

Land Forms in Regions Having Seasonal Rainfall. Within some 
parts of the world a period of andity is followed by a season of 
abundant precipitation Such a periodic rainfall regime is character- 
istic of the low-latitude wet-and-dry realm and the Mediterranean re- 
gions (pp 229-231) In these regions chemical weathering is active 
during the wet season, and, on slopes that have little vegetation, ero- 
sion is rapid During the dry season, on the othei hand, mechanical 
weathering is active, and many of the streams dry up completely. 

In legions of seasonal piecipitation, where rainfall is concentrated 
in a shoit period of the year, laige flood plains and deltas are formed, 
such as those lying in the valleys of the Tigris, Euphrates, Ganges, 
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Irrawaddy, Yangtze Kiang, and Hwang Ho During the dry months 
the annual plants withci and die, and the fine root systems of these 
plants which retaid erosion are destroyed Thus the surface materials 
aie piepared for rapid erosion as soon as the heavy tains begin The 
flood waters then transpoit much of this matenal to the mouth of 
the stieam, wheie it is deposited 



l 4 l(i 50 A typical Vermont mountain landscape showing the well-rounded foicst- 
coveicd slopes characteristic of many highlands that have long been exposed to 
weathering in hunud regions The length of time that an area has been sub- 
jected to weathering is, of course, an important factor (Courtesy Secretary of 
State’s Office, Montpelier, Vermont Photo by Richardson ) 

Land Forms in Higher Latitudes. In some paits of the highei 
middle latitudes the land forms reflect the effects of continental glacia- 
tion. That such glaciation was very widespread at one time is indi- 
cated in a number of ways Wedge-shaped stones, sciatches on tians- 
ported boulders as well as the bedrock, derangement of the drainage 
system, unassorted debris in some places, watei-laid sediments else- 
where— these are among the evidences of continental glaciation. 

The large continental glaciers which moved southwaid even as far 
as the Ohio River in the Umted States made a more uniform, relief in 
some areas by wealing away peaks and hilltops and by filling depres- 
sions The drainage pattern was disturbed to a considerable extent 
Lakes and swamps were formed, and streams were deranged In some 
places the uveis and streams, forced to take new couises because of 
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obstruction of glacial debris, made then way over steep ledges, thcieby 
causing wateifalls 

In regions of haid locks wheie the glacier lemoved the weatheied 
surface mateual, large stretches of land became unfit for cultivation 
Such aieas aie found on the Lamentian Shield of Canada and on the 
Fenno-Scandun Shield of Eiuope J Thus Noiway has only 3 5 per 
cent of hei land aiea undei crops In Sweden the cultivated land 
constitutes 10 pet cent and in Finland 4.5 pei cent of the land aiea 
Most of the lemaining land of these countncs is uncultivablc because 
of lack of soil oi because of lakes, swamps, muskegs, or othei condi- 
tions lesulting fiom glaciation Noteworthy is the diffeience m per- 
centage of cultivated land between the thoroughly scouted liaid-iock 
lands of Fenno-Scandia and the areas of softei sedimentary locks and 
gieater glacial deposition faither south, as in the aieas of the Baltic 
States, Dcmnaik, and Piussia 

Land Forms of Marine Climate. Bathed by abundant piecipitation 
and swept by the westeily winds, the west coasts of continents in 
higher middle latitudes are distinctive m climate and leflcct a maiinc 
influence moie pionounced than is found in any other climatic realm 
The land forms aie also chaiactenstic Hcie weatheied suiface ma- 
terials have been lemoved m huge quantities thiough the pioccss of 
glaciation In the past, vast aieas of glacial ice must have accumulated 
m these regions, because of the abundant piecipitation Glaciers deep- 
ened the valleys and gouged out heads of bays and othei indentations 
When the glacier ice melted, the submerged aieas, if steep-sided, nai- 
row, deep, and long, became fjoids (Fig 51), Even today, piedmont 
and valley glaciers are found in the polewaid parts of these regions, 
especially in Alaska, noithein Noiway, and southern Chile 

Land Forms of Subpolar and Polar Regions. Located to the pole- 
ward of the northern coniferous forest of North Amenca and Eurasia 
are vast stretches of tundra, where the extieme cold duirng the long 
winters results m a deep freezing of the mantle lock So deep and 
thorough is the fiost of winter that in many tundra aieas the heat 
during the short summei is not sufficient to cause a thawing of the 
giound foi more than 2 or 3 feet below the surface The top soil of 
the tundra is, therefore, geneially waterlogged and acid during at 
least a part of the summer, Here the native vegetation consists mainly 
of grasses, dwarfed willow, sphagnum mosses, and lichens (leindeer 

* By shield is meant an extensive area of hard rocks, chiefly ciystallmcs, which 
constitute the remains of a higher mass of land from which erosion has taken 
place throughout geologic time. 
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moss) and the chief type of economic adjustment to environment is 
the glazing of lemdeei. 

In the polai regions of both hemispheres (northern and southern) 
glacier ice coveis huge areas of land, and where the land is bate it 
leflects the effects of glaciation As in the deserts, so m polar regions, 
mechanical weatheung is active, and the angular foims in the land- 
scape aic due mainly to fiost action. In some areas, angular Deaks may 



Fig 51 . The fjorded coastal area of Norway in the vicinity of Bergen 

be seen projecting even through glacier surfaces In many of the 
highland regions one of the major effects of glaciation has been the 
formation of numerous amphitheater-like stiuctures, commonly called 
cirques. 

PLAINS AS RELATED TO MAN 

Population on Plains Plains that are located below the 1,500-foot 
contour occupy less than two-fifths of the eaith’s surface, but they 
are the home of more than four-fifths of the people of the world, 8 and 
approximately 90 per cent of the world’s population lives at elevations 
of less than 2,000 feet Most of China’s 450,000,000 and India’s 350,- 

3 Relief features of all kinds found below the 1,500-foot contour constitute 
43 per cent of the land area of the world. Approximately 41 per cent of the 
world's land is found between the contours of 1,500 and 6,000 feet above sea 
level. Thus 84 per cent of all our land is below the 6,000-foot contour 
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000,000 people live on the coastal plains 01 on the alluvial plains of 
the Ganges, the Indus, the Si Kiang, the Yangtze Kiang, and the 
Hwang Ho Notewoithy also is the population density of the plains 
countues of Euiope, such as the Soviet Union, Piussia, Dcnmaik, the 
Netheilands, and Belgium In Noith Amcnca the advanced status of 
agncultuie, manufactuic, and tiade in the Mississippi Basin and on 
the Atlantic, Gulf, and Pacific coastal plains lefiects then supcnor 
impoitance as the home of man, and these aicas conttast with the 
spaisely settled and hut little developed uplands neat by 

Agriculture on Plains Favoied by a small degiee of idief, plains 
contain some of the most pioductive and extensively cultivated lands 
of the world As a rule, plains possess a high peicentagc of cultivable 
land, farm machmeiy may be piofitably employed, and the farm pat- 
tern may be so anangcd that the greatest economy in agricultural 
opeiations may be leahzed 

Communication on Plains All industnes on plains aic aided by 
the ease of tianspoitation by land as well as by watei The gentle 
giadient lcsults in lclatively low consttuction and opciation costs of 
roads and laihoads, and commodities may be uanspoitcd quickly and 
cheaply, ^.Plain s cont ain the laigcst, and most nnpoitant navigable 
wateiways of the woild, both natuial and aitificial. Of major impoi- 
tance are the Mississippi River and its tiibntanes m Noith Amenca, 
the Amazon and Plate uvei systems of South Amenca, the Ganges, 
the Indus, the Yangtze uvei systems of Asia, and the Danube, the 
Rhine, and the Rhone in Euiope. In the densely populated level lands 
of the Netheilands, Belgium, Piussia, and tluoughout paits of Fiance, 
canal construction has icachcd a high stage of development, paitly 
because of the extensive stretches of low plains m these aieas Rapid 
and cheap tianspoitation, togethei with suitable conditions for agri- 
cultuie, have favored the development of tiade and manufactuies 
These facts help to explain the high population density in most of the 
plains areas of the world 

Large Plains Unfavorable to Early Development. Fiom the stand- 
point of history, it is significant that the regions of early civilization 
were geneially relatively small plains protected by some physical hai- 
rier, such as the narrow ribbon of land along the Nile suuounded by 
deseit, the small lowlands with their adjacent highlands in Greece, the 
Roman Campagna, and the valleys of the Tigris and Euphrates. In 
such small aieas man’s activities were concentrated, communication 
was rapid, and ideas weie quickly tiansmitted from one place to an- 
other Moreover, since nature helped to protect these areas fiom in- 
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vasion by unfriendly peoples, man could give most of his eneigies to 
the development of the arts and mdustiies rather than to military 
opeiations On the othei hand, in the early settlement of large plains, 
man’s development thiough the stages of hunter, pastoial nomad, and 
faimer was relatively slow The extensive plains lacked diveisity, and 
the monotonously uniform geogiaphical base tended toward uniform- 
ity m man’s activities Their wide extent and absence of barriers 
postponed the transmission from nomadism to sedentary life, and their 
lack of contiastmg envnonments and contrasted developments retarded 
progicss. Thus great plains aieas have been among the last frontiers 
to be developed in the temperate zone It was not until civilization 
had advanced m the small protected areas and had made considerable 
progress m methods of transportation, communication, and the ait of 
defense that man began to push boldly into the laiger plains 

Tendency to Unification of Adjacent Plains Areas Not only is 
transportation easy, but also ready interchange of goods and ideas is 
facilitated on plains, which lesults sometimes m a tendency to com- 
mercial and political unity of adjacent plains aieas This is well lllus- 
tiated in the economic and political growth of Russia After the time 
of the Taitai invasions, Russia extended her area fiom the Baltic on 
the west to the Pacific on the east The relief of the land, howevei, 
limited hei possible advance, and she is still confined very largely to 
the lowlands, the extensive Eurasian plain Similarly, France expanded 
from the small plains aiea of the Pans Basin, spread over the vanous 
lowland saddles into the plains of Aquitaine, the Rhone, and the Rhine 
The Baltic states (Estonia, Latvia, Lithuania), paits of a plains area 
that extends eastward into Russia and westward into Piussia, were at 
one time under the rule of certain orders of the Teutonic or German 
Knights. These states were later absorbed under the old Russian 
Empire until the penod of World War I, when they became inde- 
pendent. 

In contrast with the extensive plain of Euiasia is the rugged topog- 
raphy of western and southern Europe, wheie mountains, plateaus, and 
plains interlock In such a rugged area there are many barriers that 
have been diffi cult to overcome and have fostered separation, as mani- 
fested by the large numbers of small political units 

Economic Activities on Coastal Plains 

Significance of Coastal Location. The location of the coastal plain 
is a veiy impoitant featuie Accessibility to the sea on the one hand 
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and to mtenor land areas on the other has made it the passageway for 
lines of communication As a lule, this type of plain picscnts a loca- 
tion that favors its inhabitants with a double laidei of land and sea, 
ctops and fishencs, togethei with oppoitunmcs foi comma cial de- 
velopment. 

Early Economic Development. Located along the maigm of land 
and sea, coastal plains teceive an eaily stimulus to economic develop- 
ment Noteworthy in this respect is the Atlantic coastal plain of the 
United States. Here the fust white settlers of this countiy found a 
new home, cut down the vugin foiest, and denied land for agucul- 
tuial purposes Here they had most dnect communication with the 
Old Woild, and this at a time when most of the mtenor of the conti- 
nent was as yet an unknown wilderness 

Agriculture on Coastal Plains For the coastal plains of the woild 
as a whole, more people are_engagcd m agucultuie than in any other 
- major economic pursuit But the agricultural activities differ from 
one part of the world to anothei, largely because of differences in 
climate and stage of economic development. 

On many coastal plains located m intermediate latitudes, stock- 
raising is an important pursuit partly because of the prevalence of wet 
meadbws7~which furnish luxiuiant pasturage foi summer grazing as 
well as hay foi indoor feeding The livestock mdustiy has reached a 
high stage of development in the coastal plains of northwest Europe— 
the plains of Denmark, the Netherlands, and Flandeis. 

Truck farming is anothei dominant activity of many coastal plains 
located "linhe temperate zone (Fig. 52) Where the soil is sandy, it 
heats rapidly and piovides a warm seed bed in which truck ciops 
grow and ripen in a comparatively shoit period of time 

In low-latitude coastal plains are found important agiicultuial aieas. 
Some of these aieas are densely populated and pioduce not only sub- 
sistence crops but also commodities that are eagcily sought by peoples 
living m colder lands. In many low-latitude regions rice is the most 
important cultivated crop, especially on the Malabar coast of India, 
the Araltan and Tenasserim coastal regions of Burma, and the coastal 
plains of Thailand (Siam) , French Indo-China, China, and Japan On 
the greater pait of the coastal plains of the peninsula of Indo-China 
(Burma, Siam, and French Indo-China) rice coveis more than 80 per 
cent of the cultivated land Other low-latitude coastal plains areas 
are devoted to coconut palms, and still others produce sugar cane and 
starchy tubers. 



PLAINS AS RELATED TO MAN 


129 


Transportation on Coastal Plains. The coastal plains are especially 
favored by ease of transportation Then’ level surface permits rapid 
and cheap construction of roads and railroads, but of even greater 
importance, especially dunng the early development of these areas, is 
watei transportation Thus stieams flowing fiom the interior of land 
aieas give icadv access to hinterland and sea, the offshoie waters per- 



Ficj J2 Potatoes leady for shipment from a truck-fanning district of Tidewater, 
Virginia The dry sandy soils of the coastal plain heat quickly, and crops grown 
here mature m a relatively short period of time (Courtesy Norfolk & Western 

Railway ) 

mit coastwise traffic; and the general flatness of the land favors the 
construction of artificial waterways With respect to this factor, the 
Netherlands has the most commanding position in all northwest Eu- 
rope. Lying on a coastal plain at the mouth of the Rhine, possessing 
numerous canals, and commanding a large poition of the trade of 
northwest Europe, Holland early developed into an important com- 
mercial nation 

Drainage of Wet Coastal Lowlands. In many coastal regions the 
moistuie supply is excessive, and in some areas water covers the land 
throughout the year "Where such coastal lowlands occur m tropical 
and semi-tropical regions, human progress is handicapped not only 
by the abundance of moisture, but quite commonly also by unhealth- 
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ful conditions caused by discase-can ying insects as well as the cneivat- 
ing climate In all climatic realms extensive coastal maishes and 
swamps generally constitute a mat Led bamci to easy contact between 
the sea and the economically impoitant paits of the land (Fig. 53) 
Reclamation, of Land in the Netherlands. Although millions of 
acres of swamp land aie being leclaimed in the many coastal distucts 



Img, 53 Ancient roots m the general legion of Dismal Swamp, near Noifolk, 
Virginia Coastal swamps of this typo constitute a maikcd barrier to transporta- 
tion (Courtesy Norfolk-Portsmouth Advcrusing Boaid ) 


where population pressure is great, the most ambitious of all these 
projects is that of the Netherlands. Appioximatcly three-fifths of the 
total area of the Netherlands consists of a lowland, a large pait of 
which lies below the level of the sea, in places as much as 15 to 20 
feet Heie reclamation of wet land has been m progiess for a long 
penod of time, and one after the othci of the foimei swamps and 
lakes of this region have been converted into agricultural land. 

Even as early as the days of Caesar the inhabitants of lowland 
Netherlands established themselves on low hills which they con- 
structed in this area, The construction of dikes began about An 
1000, these being originally designed mamly to shut out the inunda- 
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tion waters of the rivers and the sea 4 But the works of man were 
interrupted and m parts of this area ruined during the thirteenth cen- 
tury. At that time a succession of violent stoims swept the North 
Sea These storms caused huge waves which lashed with fury over 
the chains of coastal sand dunes, submeiged a laige pait of what had 
been until then a part of the Euiopean mainland and created the Zuider 
Zee, the largest indentation found 
m the coastal area of the Nether- 
lands 

An extensive progiam is now be- 
ing gradually completed to reclaim 
the greatei part of the Zuider Zee 
(Fig 54) A large dike has been 
constructed to separate the area of 
the Zuider Zee from the North 
Sea This dike connects Holland 
with Wieiingen (1 y 2 miles) and 
the latter island with Friesland (19 
miles) This enormous structure- 
300 feet wide at its base— eliminates 
the feai of the North Sea storms 
and the great expenditure caused 
by extensive floods® Even more 
important is the fact that the water 
behind the dike has become fresh 
water, because of the constant dis- 
charge from the Yssel and other 
rivers Thus a laige rescrvoii of 
fresh watei has been created in the middle of the country, from which 
it is possible to draw as much as is wanted even during the diiest sum- 
meis 

Whereas in dry summers the surrounding country has a shoitage 
of water, at othei times of the year there is often an embarrassing 
excess The situation has been improved with the sea behind the dike 
maintained on a constant low level Furthermore, the dam is used 
for railway and road communication between north Holland and 
Friesland 

i See P. Tesch, “Physiographic Regions of the Netherlands,” Geographical 
Review, Vol 13, 1923, pp. 507-517 

8 In 1915 a large part of the country near Amsterdam was inundated, and 
drainage involved considerable expenditure 



Fig 54 The Zuider Zee reclamation 
project A huge dam has been con- 
structed from North Holland and ex- 
tends via Wienngen Island to Fries- 
land Back of this dam four polders 
and a lake will constitute what was 
recently an arm of the North Sea 
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Flood Plains as Related to Man and His Activities 

Importance of Flood Plains In supplying man with food, flood 
plains play a lole of vast importance (Fig 55) They also furnish 
the geogiaphical base fm a Luge pait of the world’s population, as 
manifested by the population map (Fig 47) Note the tmpoitancc of 



I'm JJ Distnbution of cultuial features along flood plains of the Rio Giandc 
about 6 miles north of Albuquerque, New Mexico The foreground is irrigated 
flood plain on which streams fiom alluvnl piedmont slope at base of Sandia Moun- 
tains have built alluvial fans on which villages are located (Aerial photo by 

J L Rich.) 

the Nile, the Tigris, the Po, the Ganges, the Indus, the Hwang Ho, 
the Rhine, the Rhone, the Mississippi, and many otheis m furthering 
tire economic, social, and political activities of the countnes thiough 
which they flow 

The lower part of the Ganges Valley is one of the most densely 
populated regions of the world. In the alluvial lowlands of eastern 
Bengal the population density is moie than 620 people pel' square mile, 
and in some of the distncts of this piovince the density is almost twice 
that number, as compared with 45 per square mile m the United States 
as a whole Similarly the alluvial lands of the Nile Valley support 
densely populated agricultural communities, the population density 
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being more than 1,500 pei square mile in some of the districts 
(maikazes) of the Valley (Fig 56) 0 

Early Occupancy of Flood Plains Flood plains, like coastal plains, 
aie usually the fust to be occupied m the settlement of a new region 
both because of their productive- 
ness and because of their accessibil- 
ity Containing a variety in types of 
soil and kinds of vegetation, flood 
plains piovide a diverse geographi- 
cal base foi agricultural develop- 
ment. F V Emeison says “The 
natuial levee is higher and usually 
better drained than the back lands 
and this difference often leads to 
crop differentiation on front and 
back lands, and, indeed these two 
divisions aie often so clearly marked 
by crops that the crops map the 
soil types Very often the front 
lands aie cleared while the back 
lands are in forest and here again 
the vegetation often marks the soils, 
the line of timber being the bound- 
ary line between the front and back 
lands Because of this difference in 
soil, farm boundary lines on flood 
plains are often roughly perpendic- 
ular to the river so that the farm or 
plantation will include both soil 

types.” T Ftum bulling, are ^ m N|b Vslky , „ of 
elected on the higher and drier t jj e most densely populated agricul- 

levee lands along the streams, m rural regions in the world— a fertile 

proximity to transportation lines by oasis in the low-latitude desert, 
land as well as water (Fig. 57). 

River Floods. Flood plains, however, are not without their handi- 
caps as agricultural legions, since the floods to which they aie subject 

« According to estimates made In 1943, the population density for the lower 
and middle parts of the Nile Valley is more than 9QQ per square mile The 
Statesman's Yearbook, The Macmillan Co, 1946, p 859 

i Reprinted by permission from Agricultural Qeology, by F V Emerson, 
John Wiley & Sons, 1928, p 186, 
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aie often disastious both to life and to piopeity Flood wateis some- 
times rash through densely populated valleys, undeimming the rivei 
banks, cutting new channels, and sweeping away retaining walls, 



Fiq. 57 Part of the Donaldsonville topographic sheet. Note the levees bordering 
the Mississippi and the swamp lands behind the levees The mam (through) high- 
ways tend to follow the very crests of the Mississippi levees, where one also finds 
a concentration of houses. Secondary roads run at right angles to the mam roads 
and down the levee slopes 


levees, ditches, and even villages In some of the largei floods the loss 
of life has been tremendous, 

Some of the largest and most destructive of floods known to man 
have occurred m Asia, especially in the densely populated valleys of 
China proper and India In China the valleys of the Hwang Ho, Si 
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Kiang, and Yangtze Kiang all have been subject to widespread floods 
The Hwang Ho crosses extensive flood plains m its lower pait, -where 
it has changed its course several times by flowing alternately north 
and south of the mountains in Shantung Province, theieby reaching 
the sea at points as much as 250 miles apart 

These extensive floods of the Hwang Ho aie bi ought about by the 
maiked seasonal piecipitation, with a tendency at times foi periods of 
superabundance of lamfall m the middle and upper parts of the liver 
valley These conditions aie furthei aggravated by the generally 
forest-denuded slopes and consequently the rapid runoff during periods 
of abundant lainfall. In addition, vast quantities of soil are washed 
from the loess-covered hills of -western Noith China and aie de- 
posited m the lower part of the valley, theieby further facilitating the 
change of the liver’s course 

The Yangtze and Si river valleys of China have also been subject to 
widespread, destructive floods Floods in the Yangtze Valley have 
often inundated the lands fiom the area of the Wu-PIan cities (Han- 
kow, Hanyang, Wuchang) down to the delta, w-here Shanghai is lo- 
cated Since this is one of the most impoitant economic and one of 
the most densely populated aieas of China, it suffers tremendous losses 
during periods of widespiead flood Located south of the Yangtze 
Valley, the lowei part of the Si basin was the scene of especially dis- 
astrous floods m 1914, when the waters at Wuchow rose 22 feet in 
24 hours 

In the United States, floods have been especially destructive to life 
and property in the valleys of the Ohio and the lower Mississippi 
During March 1913, a very destructive Ohio River flood swept 
through the river towns, causing great losses of both life and prop- 
erty, The towns on the Miami River (a branch of the Ohio) all but 
escaped annihilation The meteorological conditions m the Ohio Val- 
ley were especially unfavorable during this period A heavy south- 
west storm followed close upon one from the northwest, and both 
storms came when the ground was aheady well saturated with mois- 
ture. Approximately 8 inches of ram (about 20 per cent of the aver- 
age ann ual amount) fell in the Miami Valley within 5 days, resulting 
in a tremendous runoff. During the latter part of January and the 
beginning of February 1937, the Ohio Valley experienced the worst 
flood in its history At Cincinnati the flood attained the height of 
79,99 feet Throughout the Oluo Valley large areas were inundated, 
schools were closed, and water and electric supply stations were forced 



13(5 


MAJOR LAND FORMS 



Fig 58a Mound at Areola, Mississippi, used as refuge foi In cstock dutmg th< 
flood of 1927 (Courtesy U S Weather Bureau ) Ten years later (1937) tlv 
Mississippi Valley c\pciicnced anothu widespread and devastating flood, especially 
m Hie vallc) of the Ohm, one of its majoi tiiliut.iues 



Fio 58b Flood scene at Onward, Mississippi, during the flood of 1927. (Com* 
tesy U S Weather Bureau ) 
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to discontinue their services In some places buildings were torn loose 
fiom then foundations and were seen floating down the Ohio River 
This disastrous flood was due mainly to heavy rams during the winter, 
when the giound was alieady saturated and watei evapoiated slowly 
An curients moved with marked legulanty from the Gulf of Mexico 
and northwaid across the eastern pait of the country Mild weathei 
pievailed m the East, while the West expenenced seveie frosts 
Geoigia peach gioweis placed ice packs about then tiees to prevent 
piematuie blossoming while California fiuit groweis built smudges 
m oidei to protect their tiees fiom heavy frost 

The lower Mississippi Valley is affected by flood conditions in the 
uppei part of the Valley as well as by local meteoiological factois 
Sometimes the rains of the Mississippi Basin are so intense and widely 
distributed as to produce flooding legardless of antecedent conditions, 
whereas at othei times model ate lams may continue intermittently a 
week 01 more with antecedent circumstances favorable to a high 
runoff When flood conditions occur the lower part of the Valley 
frequently suffers fiom widespiead floods (Figs 58 a and 5Sb) Large 
aieas of alluvial fairn lands are sometimes ruined by the amount of 
coal sc sediments poured over them In tins part of the Mississippi 
Valley the alluvial plains aie protected against flood by levees or dykes 
and by the natuial levees being built higher by man Upon some of 
these highei, dner lands the inhabitants construct their buildings and 
loads 

Students woilung on the flood pioblem have suggested various 
schemes for pieventmg and checking the recurrence of widespiead 
floods. Since floods are associated with lapid lunoff, all agencies 
should be directed to check the rate of runoff One of the remedial 
measures consists of planting trees on slopes that have been denuded 
of natural vegetation Other schemes include the straightening of 
river channels by eliminating meanders, and, where practicable, the 
building of storage reservoirs 

Glacial Plains and Their Economic Significance 

Covering vast stretches of land m higher middle latitudes, glacial 
plains are the result of continental glaciation, chiefly of deposition of 
earth materials by ice and associated waters. This deposition has 
created a vanety of surface featuies m some places sloping sandy 
plains of glacial outwash, in other areas the hilly belts of terminal 
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moraines, and m still othei places the moie extensive gently lolling 
ground moiames 01 till plains (Fig 59) 

These suiface featuics have developed in conjunction with exten- 
sive glaciation duung the last eia of geologic tunc Although glacial 
action at piesent is limited to high altitudes and latitudes we aie cei- 
tain that extensive ice caps once coveicd vast stietchcs of land in the 
tcmpciate zone, which aie now used for the production of ciops 
Indeed, geological study in the United States alone shows that glacial 
ice extended at least as fai south as the Ohio Rivei 



Fig 59 A gently rolling agricultural landscape in glaciated Michigan 


Drainage Conditions in Glaciated Areas In many glaciated regions 
diamage is pool The ice has left many undrained depressions. In its 
advance the glacier scoured out deep holes, filled valleys with ddbns, 
and obstructed drainage m many aieas, theieby forming lakes, ponds, 
and swamps The state of Minnesota alone boasts of moie than ten 
thousand lakes, and Finland claims about five times as many. 

Lakes are eagerly sought by the vacationist, traveler, and pleasure 
seeker, and thousands of summer resoits are scattered through glacial- 
lake districts. Noteworthy in this lespect are the Lake Distnct of 
England, the glacial lake regions of Scandinavia, and the upper lake 
region of North America 

Where lakes are of considerable size, like the Great Lakes of Noith 
America, they modify the temperature ovei the surrounding land areas, 
and in some localities affoid protection to orchards and field crops on 
the adjacent slopes. 

Water Power in Glaciated Areas. Wherevci the ancient iiveis were 
obstructed by glacial mateual they were foiced to find new paths 
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around the blocked passageway, and m making the detour they often 
flowed over uncut ledges Thus waterfalls were created The power 
at such falls is a souice of considerable wealth to the manufacturing 
mdustiy m many glaciated regions In the New England States the 
manufacturing industry was attiacted at an eaily date to wateifalls 
of glacial origin 

HIGHLANDS 

Highlands contrast strongly with plains both in environment and m 
human adjustments The relief of highlands is gieatei, the drainage 



Fig (30, Effect of relief upon the utilization of the land reflected in the intensively 
cultivated plains flanked by bare, uncultivated highlands 


of both the air and the water is more rapid, the climate is colder, and 
the area of waste land is usually greater than that of the adjacent plains 
(Fig 60). Consequently population is usually less dense and social 
traits are more varied. In addition, highlands frequently stand as 
barriers to communication. But the highlands themselves, however, 
offer points of contrast They consist of both mountains and plateaus, 
and these provide a diverse geographical base for human activities 
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Life on Piedmont Plateaus 

The piedmont plateau is mtci mediate in position between mountains 
on the one hand and plains on the other The woi d piedmont means 
“foot of the mountain.” Pioxnnity to these two majoi lclicf fonns— 
mountains and plains— is leflccted m the human adjustments on the 
piedmont Foi example, the cool mountains adjacent to the piedmont 



Fig 61 Apple orchards on well-drained slopes m the piedmont plateau section of 
Virginia (Courtesy Norfolk & Western Railway.) 


frequently cause an abundance of moistuie to be piecipitated from 
passing winds This water gathers into sti earns which often fall ovei 
ledges, creating sites foi water power. Thus along the eastern edge 
of the piedmont plateau of the United States, wheie the streams flow 
from the consolidated rocks of the plateau to the unconsolidated rocks 
of the coastal plain, important mban centeis have developed, such as 
Baltimore, Richmond, Columbus, and Augusta Similarly, m the pied- 
mont of northern Italy the hydroelectric power development has been 
a major factor in the recent industrial growth of the country 
Agriculture on Piedmont Plateaus. In relation to agricultural de- 
velopment the piedmont plateaus are favored by water and silt from 
the highlands and usually have favorable air and water drainage, Thus 
piedmont areas frequently escape severe frosts while crops in the adja- 



HIGHLANDS 


141 


cent plains suffer The apple industry of piedmont Virginia has de- 
veloped m pair because of such favorable conditions of diamage (Fig 
61 ). In some of the more and piedmont localities the mountain 
streams are utilized for migation pui poses 
Commercial Significance of a Piedmont Location Commercially, 
the piedmont plateaus command a position of gieat importance 
Routes of travel follow the base of the mountains, but many of these 
loutes branch into 01 thiough the mountain fastnesses and seive as 
outlets foi the pioducts of these aieas Thus in some places impor- 
tant trade centeis have developed at strategic points on piedmont 
plateaus, usually in aieas convenient to mountain passes Typical of 
such centers are Milan (Milano), Zurich, Turin (Tonno), Bern, and 
Denver 


Difficulties of Life in Highly Dissected Plateaus 

Some plateaus have been subjected to the agents of erosion for a suffi- 
ciently long time to cause them to be badly dissected Thus, deep 
valleys surrounding nanow lidges are characteristic of such high- 
lands, and most of the area consists of steep slopes Typical plateaus 
of this land aie the “mountains” of Kentucky, the Cumberland 
Plateau of Tennessee, and the eastern pait of the Ozark Highlands 
In Europe, Bosnia and Hercegovina are examples 

On the dissected plateau the original land surface has been destroyed, 
except the nanow lidges which aie in large part even-ciested In 
other woids, m viewing the sky line of such a plateau the observer 
sees the summits of the various hills at approximately the same level 
Agriculture on the Dissected Plateau The highly dissected land 
suiface and the many steep slopes of the dissected plateau are serious 
handicaps to the development of agriculture The little land that is 
cultivated is confined chiefly to the ridge tops, the flood plains, and 
the lower slopes of the valleys. In proceeding through the hills of 
eastern Kentucky and Tennessee, the travelei sees farms that contain 
small scatteied fields of crop land, cheaply constructed farm buildings, 
and a general lack of social and economic well-being among the in- 
habitants. 

The paucity of good agricultural land in such areas has frequently 
led to the cultivation of steep slopes This practice has caused serious 
erosion in some aieas, bringing ran not only to the crops on the hill- 
sides, but also to the farms on the lower slopes and flood plains of the 
valleys 
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Plateaus That Are but Little Dissected (Undissected Plateaus) 

In the undissected plateau oi high tableland the gieatci pmt of the 
suiface is flat to lolling upland, dissection being most pionounccd 
only along the inaigins of such plateaus Among highlands of this 
type aic the Iberian Peninsula, Tibet, and the western poition of the 
Ozaiks 

Unlike the dissected highlands, the geneially undirected suiface of 
this type of plateau has peimitted a widei distribution of population 
on the tableland and a relatively small concentration of people in the 
valleys Moieover, communication may be well developed because 
of the geneially unifoim land surface, whereas in dissected highlands 
loutes of travel follow stieam couises or ndge tops, 01 extend in zig- 
zag fashion up the steepei slopes 

Mountains 

Mountains and Climate. The influence that mountains cxeit upon 
man and his activities is one of the most positive of gcogiaphical forces. 
Climatically the mountain influence is very maiked A journey up a 
mountain side usually takes the traveler through vanous climatic belts, 
each with its characteristic types of floia and fauna, and each provid- 
ing an environment for certain distinctive types of human adjustments. 
This relationship of climate to highlands is well lllustiated in tiopical 
lands, where the life zones of high mountains may be so closely com- 
pressed that in places it is but a day’s journey from snow fields to low, 
hot valleys 

In the tropical zone it is necessary to travel moie than 15,000 feet 
up a mountain side before the zone of snow and ice is leached, but 
on some of the northern slopes m the latitude of Hammcifest, Nor- 
way, glaciers extend to sea level Hence the uppei limit of vegetative 
growth becomes lower with inci easing latitude 

Highlands may also give rise to extremes of moisture conditions. 
High mountains force the passing winds to precipitate most of then 
moisture on the windward slopes, frequently producing arid lands on 
the leewatd side The aridity of low-latitude deseits has been intensi- 
fied from such location (see p. 275), and even m middle latitudes vast 
stretches of land arc made unfit for cultivation owing to their location 
to the leeward of high mountains 
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Mountains in Relation to Irrigation. Many regions which now 
furnish a home for densely populated agricultural communities would 
be nothing short of deseit or semi-arid waste if then near-by highland 
ai cas weie lemoved Among such lands which owe their life to moun- 
tains aic the valleys of the Nile, the Tigris, and the Euphiates, and the 



Fig 62 Hoover Dam, the world s highest dam View shows the upstream face 
of this gigantic structure just before the waters of the baclted-up Colorado River 
had completely filled the icservoir show n in the foreground of the picture Note 
the giant towers through which water will pass to generate electricity (Courtesy 
Bureau of Reclamation, Department of the Interior ) 

vallevs of western Peru. (See pp 287-290 ) Mountains in all parts 
of the woild contain catchment basins, in some of which irrigation 
waters are stored and released during the growing season to the 
urigated farm lands of the adjacent plains (Fig 62) 

Agriculture in Mountains. Containing various climatic and vegeta- 
tive belts, most mountains also possess suitable envuonmental condi- 
tions for the production of many kinds of crops Hence in a tropical 
mountain area the traveler finds a range of crops corresponding to 
the latitudinal range from the equator to polar legions. (See p 587 ) 
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In the tempeiatc zone the diveisity of agiicultmal ptoduction is equally 
maiked For example, on the lovvci slopes of the Swiss Alps, glasses 
and grains have a conspicuous place in the cultiual landscape; faithei 
up the mountain side foicsts aie unpoitant; and above the timber line 
one sees the alpine ot mountain pastuic, wheic cattle anil sheep aic 
kept duiing the sunnnci months " 

Agriculture m “Mountains” of Eastern Kentucky. The aveiage 
mountain faimei of the tempeiate zone is, even today, only in a small 
way a commeicial pioducei Subsistence aguculture is usually forced 
on him mainly because of the paucity of tiansportation facilities and 
the difficulty of growing an agiicultmal pioduct that can stand the 
cost of expoit. This is well illustrated in a mountainous legion (most 
of it a highly dissected plateau) like eastern Kentucky— situated almost 
within sight of gieat commercial centeis, and surrounded by people 
whose life is inseparably bound up with commeice— the fainter is still 
content to practice self-sufficiency in his agricultural opeiations In 
consequence of this fact, within the climatic limitations of this aiea, 
crops are laised which meet the lcqunements of the community By 
reason of isolation the legion still piesents the economy of Colonial 
days, almost unmodified " 

Rocky Mountain Agriculture. The caily agiicultmal development 
of the Rocky Mountains giew out of the need of mmcis foi food 
Mining communities fai fiom good loads found the price of bacon, 
flour, potatoes, and othei food high laigely as a lesult of the high 
cost of transporting these products by train, wagon, and pack mule 
from distant agucultural centeis Faimeis, accoidingly, began pro- 
ducing these commodities on small patches of the best land within 
the region. Under such conditions small Rocky Mountain gaidens 
sometimes brought lucrative returns to then owneis. Howevei, as 
soon as a lailroad reached the mining centei food could normally be 
imported more cheaply than it could be giown locally, and immedi- 
ately agriculture declined Occasionally the gold, silver, or other 
mineral was exhausted and the population shifted to othei centeis, 
then the farmer had no market, and since he could not export his crop 
profitably he abandoned the farm. As a consequence, agriculture has 
never become a very important industry in the rugged Rocky Moun- 
tain region Yet considerable quantities of the hardiei vegetables and 

8 In Noiway this type of highland pasture is called the bnetcr; in the Alps it 
is called the alp 

°D H. Davis, Geography of the Kentucky Mountains, Kentucky Geological 
Survey, 1924, p SO. 
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ceieals, such as potatoes, lettuce, barley, and rye, can be grown within 
the Rocky Mountain region whenever the population pressuie of the 
United States becomes sufficiently great to wanant the fuither de- 
velopment of these upland soils 

Dairying and Stock-Raising. In piactically all mountain regions of 
the tempeiate zone, giazmg and stock-raising aie important elements 



Fig. <53 A shepherd with his flock in the beautiful Rosey Valley near St Montz, 
Switzerland (Publishers Photo Service) 


in the farm economy of the people Thus, though the farmer of the 
Kentucky mountains finds it difficult to export corn over the usually 
bad loads, he can feed the corn to hogs and cattle and thereby change 
it into a commodity capable of walking to market Also he can make 
corn into whiskey, a concentrated product capable of standing the 
cost of transpoitation 

The pastoral industry represents one of the most important uses of 
the land within a large part of the mountainous section of northeastern 
United States, and dairy products are important exports Similarly, 
cattle and sheep are pastured in most parts of the Rocky Mountain 
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legion some time duimg the yeai, and animal pioducts lcpicscnt the 
major items of the farmer's income 
In the Old Woild, wheie the population picssuic is gicatei than m 
Ameuca, mountain pastuics aie caiefully utilized In south-ccntial 
Europe many of the mountain slopes aic covcicd with oak 01 beech 
foicsts which supply acoins and nuts— mast— foi thousands of swine 



Fig 64 An Alpine hut m the Bernese Obciland In the distance are the peaks of 
Eiger, Monch, and Jungfrau (Publishers Photo Service ) 


This industry is the basis foi a large export of poik, since the bacon 
from mast-fed hogs is highly puzed in western Euiopc 

The high pastures of the Swiss Alps suppoit thousands of cattle 
during the summer months while the best valley lands are tilled to 
provide food foi the population of the region and winter forage foi 
the stock (Figs. 63 and 64). Here the dairy industry has leached an 
intensive stage of development, and the Swiss dairy products have be- 
come famous for their good quality the woild over. 

The ability of sheep and goats to subsist on lough mountain pasture 
and scant summer forage has given them an important place in the 
agricultural economy of the mountainous parts of Mediterranean Eu- 
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rope Within many of these areas sheep and goats not only are the 
chief dairy animals but they also supply wool, hides, and skins as ex- 
port products Much of the sheep milk is used in the manufacture of 
cheese, a pait of which is exported, most of the goat milk is consumed 
fresh. 

Intensive Mountain Agriculture in Asia. In mountainous areas 
wheie the population piessuie is great, even relatively steep slopes aie 



Fig. 65. Rice terraces on the sides of mountains m the Philippine Islands 
(Publishers Photo Service ) 


devoted to crops, as is characteristic of many unrts located in the island 
fringe of Asia Thus in Japan proper where a constantly increasing 
population is straining upon tire bands of subsistence and where, be- 
cause of the preponderance of highland, only 15 6 pei cent of the land 
is under cultivation, the population has spread into the mountainous 
interior Here many steep slopes are given to intensive cultivation by 
means of teiraces, which extend upward in the form of giant steps 
parallel to the plains below Similarly in other parts of Asia intensive 
mountain agriculture is practiced Thus in the Philippines the total 
length of terrace walls is measured in thousands of miles, the terraces 
being devoted mainly to the cultivation of rice (Fig 65). 
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Mountains as Barriers, High, massive mountains present the most 
maikcd baineis which man meets on the land surface of the earth 
They stand as impediments to the commercial intercourse of people, 
to the spiead of population, to militaiy campaigns, and to the building 
of toads and lailioads (Fig 66). Because of the protection they 
afford, mountains aic often natuial boundary lines between nations 
The statement is frequently made that Afuca begins at the Pyrenees, 



Fig 66 Road construction m mountains is difficult Sometimes roads extending 
through such areas are forced to follow relatively narrow ledges (Photo by 

T J Hileman.) 


and this great highland wall sti etching acioss southern Europe from 
the Bay of Biscay to the Black Sea was for centimes an effective bar- 
rier separating the culture of central Eruope from that of Mediter- 
ranean lands 10 Similarly, during the eaily histoiy of the United 
States, the Appalachian Mountains stood as a maiked obstacle to west- 
ward migration and to economic contacts between the Middle West 
and the Atlantic seaboard 

Sparsity of Population in Mountains. Mountains are, as a rule, 
more spaisely populated than plains-a fact clearly reflected by the 
population map of the woild The difficulty of making roads up steep, 

10 Ellen Churchill Semple, Influences of Geographic Environment, Henry Holt 
& Co,, 1911, p 532, T 
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iocky slopes and through forests which sometimes cover their rain- 
drenched sides is a major handicap to the mountain dwellei But in 
addition to this the climate is geneially rigoious, and there is a paucity 
of good cultivable land. These forces act as a distinct, positive check 
to the development of population m most mountainous 1 egions, espe- 
cially in middle and highei latitudes 
In the tiopics, on the other hand, there aie exceptions to the geneial 
lule Thus mountains located in and tropical legions fiequently be- 
come centers of population, since wmdwaid slopes obtain moisture 
from the passing winds while the adjacent lowlands remain dry 
Moieover, mountains in low latitudes are cooler than the surrounding 
lowlands and offer a moie healthful habitat for man It is significant 
that moie than three-fourths of Ecuador’s population is ciowded into 
her highlands Similaily in Peru, Bolivia, and tropical Africa the 
mountains constitute the habitat of a large number of people Even 
these highlands, however, are not densely populated, since they offei 
but limited means of subsistence to their native peoples 

Overpopulation and Emigration For the world at large the ob- 
vious and peisistent fact of mountain economy is a scanty food supply 
even when secured by the most intelligent and untiring labor, and 
consequently theie results a fixed tendency to overpopulation The 
simplest lemedy for this evil is emigiation, a fact observed by Malthus. 
Theiefore emigration is an almost umveisal phenomenon in highland 
regions. 11 For example, there is an almost constant flow of people 
from the Italian Alps, many of whom find work in Marseille and other 
towns of southern France In some mountains, however, the emigra- 
tion is seasonal Thus in autumn, aftei the field woilc is over, the 
Swiss descend from the Jura and Alps in great numbers to cities, seek- 
ing positions as servants or factory workers 
Cultural Effects of Isolation The isolation of mountain life ac- 
centuates non-social qualities, as seen in the clannishness of the Scotch 
mountaineer, the insubordination of the Basques and the tribes of the 
Caucasus, the Tibetans’ dislike of strangers, the lawlessness and family 
feuds among the southern mountaineers m the Appalachian highlands 
of Ameiica 13 

Mountain isolation tends to preserve the original . language, _CHStoms, 
laws, and ideas It has been estimated that there are more than 400,000 

11 Op 'cit,, p S32. , „ 

uR Whitbeclc, "Mountains m Their Influence upon Man and His Activities, 

Journal of Geography, Vol 9, p SJ 
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people m the mountains of Wales who cannot speak English, though 
Wales was joined to England five centimes ago Thcie aic Jewish 
tribes in the Caucasus who still give then childien names m vogue m 
Isiael m the time of the Judges and which have elscwheie been ob- 
solete foi 2,500 yeais 

Mountain isolation ictards impiovcmcnt m living conditions. Thus 
many aicas within the Appalachian Mountains aic still difficult of 
access, even in good weathei, and dui mg the wintei and spang aie 
vntually cut off from the outside woiid Consequently the improve- 
ments m living conditions which have taken place in most of the nual 
sections of the countiy have not been made heie, except to a small 
degree Domestic conveniences aie still few m nunibci, all the houses 
of the pooiei aicas aie small and pooily furnished, and much of the 
furniture is of local manufacture Many houses aie still without 
scieens so necessaiy to the comfoit and health of the occupants, sani- 
taiy plumbing is lacking, and the drinkmg-watei supply is, m many 
places, inadequate and poor in quality 

Mountains and Minerals Fissuics and fiactuies m the e, nth’s must 
and the circulation of nnneral-cauying solutions aie associated with 
mountain building. Hence mountains ai e the natui al home of metallic 
veins and mining Moieovei, m many places the 'agents lifcibsion” 
have worn away the ovcilymg locks, exposing the mmcials and facili- 
tating their exploitation 

Mountain Passes The mountain range piescnts a challenge to 
man’s eneigy and enduiance, m seaichmg foi the lowest dip m the 
ciest by which to cross, men found those natui al featuies, the moun- 
tain passes These constitute the easiest pathway to the countiy be- 
yond the mountains and become the focus for routes of transportation 

In Em ope the Alpine passes aie of marked significance. Flanked 
by the Po, the Rhone, and the Danube valleys, the Alpine passes have 
been rated among the most significant featuies of southern Euiope 
They served as military loads for the passage of aimies fiom the time 
of Hannibal to that of Napoleon, and later they became thoroughfares 
foi the exchange of pioducts of the subtropical Mediterranean lands 
and of the Onent, with those of the tempeiate regions of Euiope 
Among the impoitaiit Alpine passes foi travel and trade aie the Bren- 
ner, the Sunplon, the St. Gottard, and the Bernard. 

Almost every mountain chain has its passes. Unfortunately, some 
mountain chains such as the Andes, the Pyrenees, and the Himalayas 
either have no low passes 01 have passes that are far apait. 
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LAND FORMS IN RELATION TO VOLCANOES AND EARTHQUAKES 

The regions of greatest volcanic and seismic activity are those in 
which extensive layeis of rock of great thickness have been intensively 
folded, dislocated, and elevated (Figs. 67 and 68) These legions oc- 
cur in great bands, marking the lines of weakness in the crust, and 
generally follow the lines of elevation which bound the oceanic basins 



Fig 67 Major areas of volcanic disturbances (Mapped on Goode’s homolosine 
projection, copyright University of Chicago Press) 

—regions of recent, oi in some cases still continuous, mountain 

' t 

are two major earthquake belts in the world the one along 
the Mediterra nean Sea, and the other following the coastline of the 
Pacific Ocean, nieluding Japan, Alaska, the California coast, and the 
western coastline "of 3butH'*America” But there.isjtip jcegion-thatos _ 
aHgiluSy: unnumeji^m^arthquakes, and_minor quakes may occur 
almost anywhere. However, they are seldom serious unless they occur 
m a vicinity in which the structures are weak. 


growth 1 
There 


Volcanoes as Related to Man 

Volcanoes afford impressive manifestations of the powerful forces 
that are still at work on the fashioning of our globe When active, 
volcanoes frequently cause considerable destruction to life and prop- 
erty located in proximity to them’ in some places through the ashes 

is E W Woolard, “Earthquakes and Volcanoes,” Scientific American , Vol 
129, p. 304. 
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and scones huiled high into the au latei to be diopped m the sur- 
rounding area, elsewheie through the burning effects of streams of 
lava. In still other places, poisonous gases emanate fiom volcanoes and 
sweep down then slopes with stifling, deadening effects to plant and 
animal life. But the greatest destruction fiom volcanic eruptions is 
frequently mduect Thus a violent volcanic explosion may cieate 
high tidal waves which sweep over low-lying coasts, drowning thou- 
sands of the inhabitants and destroying then homes 
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Fig 68 The earthquake zones, of the world (Mapped on Goode’s homolosino 
projection, copyright University of Chicago Press ) 


Destruction by Volcanoes. Fiom tire standpoint of rapidity in de- 
stroying life and piopeity, volcanoes may be divided into tlnee types 
—explosive, quiet, and intei mediate (Fig. 69). In the explosive type, 
destruction may be limited to only a few seconds or minutes, typical 
of which weie the eruptive effects of Krakatoa and Mt, Pel^e Vol- 
canoes of the intermediate type usually give warnings for a long time 
before they eiupt, since they are m an active state a huge pait of the 
time, then suddenly poui out a portion of their hot interiors. Typical 
of such volcanoes is the well-known Mt Vesuvius The quiet type 
of volcano usually pours out lava at a modeiate rate and with sufficient 
regulanty so that people living in its vicinity may seek places of 
shelter To this type belong the volcanoes of the Hawaiian Islands. 

Many of the greatest volcanoes on earth appeal to be completely 
extinct, but sometimes a supposedly extinct one erupts. Moreover, 
in many volcanoes, during a quiescent stage, there appears to be a 
giadual accumulation of pressure. Lava rises in the conduit, and 
eventually an eiuption begins explosively, gieat quantities of gases, 
mingled with dust and stones, being ejected. The pressure is thus 
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lelieved, and this phase of volcamsm is succeeded by a moie quiet 
one in which lava escapes through rents in the cone. Thus a single 
volcano may pass thiough the explosive, mteimediate, and quiet stages 
Krakatoa Volcano — A Violent Explosion. One of the most fright- 
ful and violent of all volcanic explosions was that of Krakatoa, located 
in the Stiaits of Sunda, near Java— a legion embiacmg the gieatest 
concentration of volcanic activity on the globe In 1883, aftei pie- 



Fh? 69 Scene after a volcanic eruption in the vicinity of a village m Sicily 
(Publishers Photo Service ) 


monitory outrushes of gas for some time, there suddenly came a series 
of explosions which blew away more than a cubic mile of the island. 
The vast dark cloud of dust and ashes rose about 17 miles into the 
atmosphere, completely hiding the sun over a vast area This dust 
was distributed over the entire globe by the upper atmospheric air 
cuirents and was responsible for red sunset glows all over the world 
foi many months. The terrific detonations resulting from the ex- 
plosions broke windows within a radius of 100 miles, and the gen- 
erated air waves traveled seveial times around the world, as mani- 
fested by baiograph records. Sea waves up to 100 feet high rushed 
along the low-lying coasts of Java and Sumatra, swept far inland, 
and drowned about 40,000 people Now the water is 1,200 feet deep 
.where Krakatoa stood. 



1J4 MAJOR LAND FORMS 


Volcanoes in the United States The United States contains many 
intei esting extinct volcanoes-Crater Lake, Oregon, occupies the ccntei 



Fiq, 70 Crater Lake, Oregon, occupying the center of one of the numerous 
extinct volcanoes in the West (Courtesy Southern Pacific Co.) 


of one— but very few volcanoes have been active within the United 
States during historic times (Fig. 70). Lassen Peak, California, has 
exhibited mild activity at frequent intervals since May, 1914. 


VOLCANOES AND EARTHQUAKES 


155 


Extensive Fissure Eruptives in the Past Wherevei volcamsm oc- 
curs at present it covers but a small surface area, but there have been 
times even in late geological history when masses of fluid magma were 
poured out thiough crustal rifts several miles in length without signs 
of explosive activity or any restraint upon fieedom of crystallization 
and release of then volatile content Such conditions gave us the 
successive flows known as the Deccan traps of India, in which the 
black cotton soils of that country developed. Similar outflows m 
the United States coveied some 250,000 square miles of land m the 
Snake River Basin with volcanic material 14 

The North Atlantic region off Scotland was flooded with lava over 
an aiea of at least 250,000 square miles, and recent studies have shown 
the basaltic plateaus of Argentina and Brazil to have covered 300,000 
square miles 

Earthquakes 

Distribution of Earthquakes. Seismologists tell us that our globe 
is tiembling somewhere practically all the time Indeed, an eaith- 
qualce is felt in some parts of the world on an average of approxi- 
mately 4,000 times yearly But fortunately for man and his works, 
only relatively few of these eaith tremors aie destructive to life and 
piopeity 

Although earthquakes may occur in any part of the earth’s crust, 
these disturbances aie more pronounced m some parts of the world 
than others Through then penod of existence, London, Pans, and 
Berlin have known no severe earthquakes, whereas Tokyo, Yokohama, 
Valparaiso, and Peiping (Pelting) have been shaken violently many 
times 

Earthquakes occui with greatest frequency along zones that cor- 
respond with the deeper parts of the oceans, or that cross the conti- 
nents where deep seas once divided the lands One great belt of earth- 
quake disturbances borders the two Americas and extends down the 
coast of eastern Asia, thus flanking the Pacific. The other belt ex- 
tends from the East Indies through the Mediterranean Sea and across 
the West Indies and Central America, where it again meets the Cucum- 
Pacific belt In these belts the shaking of the ground is more persist- 
ent, and, as a rule, more energetic than elsewhere, as manifested by 
the distribution of the greatest earthquakes known to man 18 

ii a L Day, “Some Causes of Volcanic Activity," Annual Report of the 

Smith soman Institution , 1925, p 269 

is r A Daly, Our Mobile Earth , Charles Scribner’s Sons, 1926, p. 6 
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Many of the earthquakes occui at sea, undei the bottom of the 
oceans, then geneial area of occuirencc being lecoided on seismo- 
graphs. Such earthquakes sometimes cause great tidal waves which 
sweep acioss the ocean, lush inland, and destroy human life and the 
woiks of man Waves caused by eaithquakes swept ovci Lisbon, 
Portugal, in 1775, causing a loss of approximately 60,000 lives At 
times tidal waves have torn ships fiom then mornings and earned 
them inland, leaving them high and diy when the watcis lecedcd in 
Causes of Earthquakes There aie many theones as to the cause 
of eaithquakes, and there is a gieat diveigence of opinion with le- 
spect to the basic reason foi these crustal vibrations. But it is known 
that there aie breaks in the eaith’s crust at certain places, and that 
such breaks have usually lesulted fiom stiains Fiequently the stiains 
have continued, and they are relieved only by slipping along the 
break When the slip occurs suddenly, an eaithquake is almost suic 
to develop In othei instances the caith’s ciust docs not break, but 
merely ciacks, theieby causing earth tremors. 17 

Destructiveness of Earthquakes. Falling masoniy, tidal waves, land- 
slides, and flies are the chief destructive agents aftci violent caith- 
qualces Sometimes these destructive foiccs have caused a loss of 
human life amounting to moic than 100,000 people, especially in 
densely populated aieas located in eaithquake zones. 

The following table shows that the greatest casualties have occulted 
in Japan, Italy, China, and Portugal But theie have been tremendous 
losses from earthquakes that aie not recorded in this table Thus m 
India in 1737 about 300,000 people aie said to have perished, and again 
in 1897 a stupendous shock was destructive ovei 150,000 square miles 
in the northeastern part of that country 
One of the gieatest earthquakes of the last few thousand years was 
that which destroyed Tokyo and Yokohama m September, 1923, 
Although Japan has suffered gncvously from eaithquakes and then 
effects in the past, this eaithquake sui passed all previously known 
disasters Violently destructive ovei an area extending 100 miles fiom 
north to south and 130 miles from east to west, this earthquake affected 
a densely populated legion containing approximately 7,000,000 people. 
Here the shaking reached its maximum in about 16 seconds, ruined 
many thousand houses, and caused the death of more than 140,000 
people. In Tokyo most of the deaths occuncd from files which broke 

to w Bowie, "Earthquakes," Sctence, Vo] 61, pp 379 and 380 
17 N. H. Heck, "Earthquakes," Scientific Monthly , Vol 22, p. 141. 
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out m seveial paits of the city and were out of control owing to the 
breaking of the water mains 


Casualties or Individual Earthquakes * 


Region 

Persons killed 

Lisbon, 1775 

60,000 

Calabria, 1783 

30,000 

Naples, 1857 

12,300 

Argentina, 1861 

6,000 

Andalusia, 1884 

750 

Charleston, 1886 

27 

Riviera, 1887 

640 

Japan, 1891 

9,960 

Calabria, 1894 

100 

Japan, 1896 

29,000 

India, 1905 

20,000 

California, 1906 

700 

Valparaiso, 1906 

3,764 

Calabria, 1907 

175 

Jamaica, 1907 

1,000 

Messim, 1908 

100,000 

Central Italy, 1915 

30,000 

Kansu, China, 1920 

100,000-200,000 

Japan, 1923 

142,000-160,000 

Khorossan District, Iran, 1929 

2,000 

North Island, New Zealand, 1931 

250 

Bihar and Orissa, India, 1934 

7,000 

Quetta, India, 1935 

30,000 

Anatolia, 1939 

no official figure 


* Data up to and. including Japanese earthquake of 1923, adapted from R A Daly, 
Our Mobile Earth , Charles Scribner's Sons, 1926, p 3 The remaining data have been 
obtained from scattered sources 

The eaithquake that shook Kansu, China, in 1920 was another of 
the greatest calamities of recent history This earthquake occurred in 
the heart of the loess country of China, and landslides developed on 
an enormous scale Apparently watei -soaked at the time, this loose 
material slid rapidly down the hills of this part of China, causing al- 
most complete destruction in some sections “The most appalling 
sight of all was the Valley of Death, where seven great slides crashed 
into a gap m the hills three miles long, killing every living thing in 
the area except three men and two dogs The survivors were carried 
across the valley on the crest of the avalanche, caught in the cross- 
cuirent of two other slides, whirled in a gigantic vortex, and cata- 
pulted to the slope of another hill With them went house, orchard, 
and threshing floor, and the farmer has since placidly begun to till 
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the new location to which he was so unceiemomously tianspoited ” 18 
Amenca’s outstanding eaithquake calamity m a laige uty was the 
destiuction of San Fiancisco in 1906 Like the Tokyo disastei of 
Japan, this eaithquake seveied the watei-supply lines, and file biolce 
out immediately afteiwaids. Although only about 700 people lost 
their lives, the piopeity damage amounted to many millions of dollais 
The chief cities of Cential Ameiica, except those of Honduias and 
Nicaragua, have lepeatedly been destioyed by eaithquakes. The pnn- 
cipal sufferei has been Guatemala City, which has been piactically 
destioyed moie than half a dozen times, and the cities of San Salvadoi 
and Caitago have been shaken into mins on moie than one occasion 10 
In South Ameiica the city of Valparaiso, Chile, has suffered from 
many violent earthquakes Great damage was inflicted in 1730, 1822, 
1839, 1873, and 1906. 

In December, 1939, very severe earthquakes weie experienced to the 
east of the Mediterranean Sea In Anatolia the damage to pioperty 
was estimated at many millions of dollais, and tens of thousands of 
people lost their lives. Whole villages weie buned under the steep 
cliffs of the Jamk Mountains, which skirt the Black Sea shoie on the 
Tuikish-Armenian bordei 

Building against Earthquakes Man is unable to stop the waves of 
an eaithquake, but he can erect strong buildings An example of the 
worst type of building for an eaithquake region is found quite com- 
monly in Japan Heavy tiles are placed on light stiuctuies. This 
was a cause of serious loss of life m the 1923 eaithquake in Tokyo 
Moreover, the type of footing material is closely related to the degree 
of destiuctiveness duiing an earthquake. Thus buildings that aie 
elected on unconsolidated eaith material aie moie readily destroyed 
than structures erected on solid rock The earthquake vibrations in 
rock formations are very rapid, but shoit and relatively harmless. 
On the other hand, in unconsolidated material the vibrations are longer, 
stronger, and as a rule, moie dangeious 
According to Bailey Willis, 20 various major considerations should 
be given to the erection of buildings in earthquake zones. Where the 
ground is of such a nature that vibrations aie bound to be dangerous, 
protection may be afforded by sinking foundations 10 feet or moie, 
by constructing the foundation walls with wide footings, and by 

18 Ashton Close and Elsie McCormick, “Where the Mountains Walked,” 
National Geographic Magazine, Vol 41, p 449. 

10 “City Toll of Earthquakes,” Science, Vol 58, Supplement 14, Oct. 5, 1923. 
80 Bailey Willis was president of the Seismological Society of America 
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building the structure on a reinforced slab, so that it will move as a 
unit All structuies should be fiamed and braced, whether the flame 
is of steel, wood, or concrete 
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CLIMATIC REGIONS AND 
HUMAN ACTIVITIES 




Chapter 5 


THE RAINY LOW-LATITUDE 
REGIONS 

MAN IN THE TROPICAL RAIN FOREST 

The tropical-forest regions considered here arc those low-latitude 
areas that are sufficiently warm and moist^ during all seasons for the 
continuous growth of broa3-leaTtrees Since the trees grow during 
the entue year they do not shed all then leaves at one time and are, 
consequently, SXgrgreen 

The rainy low latitudes extend over approximately .5,000,000 square 
miles of land, much of which is still covered with forests or jungles 
in which human piogress has been exceedingly slow In many re- 
spects these vast areas are Mother Earth’s greatest paradox They 
contain some of the most richly endowed parts of the earth, yet dire 
poverty exists throughout their extent, they are the world’s greatest 
storehouse of eneigy, 1 yet within their bounds lassitude of body and 
mind is man’s most common experience, they abound with life, yet 
death lurks everywhere 

Except for the interruptions of oceans and uplands, the ram forest 
girdles the earth along its equatorial circumference (Figs 71 and 72). 
Throughout this entire realm (all the rainy low-latitude regions) 
dense vegetation is the dominant characteristic of the landscape So 
■dense is this" ram forest, so thick the mat of vines and creepers which 
mterlace the tall trees, that the sunlight finds its way with difficulty 
to the earth floor beneath Midday in the densest equatorial forest is 
often little brighter than gloomy twilight 

Temptingly rich in economic possibilities, these tropical lands are 
for the most part lying idle. In the great Amazon Basin vast stretches 
of land are still unexplored, other extensive areas support no popula- 

i An acre of land at the equator receives 26 per cent more heat (energy) from 
the sun each year than an acre situated in latitude 40° 
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non , 2 and even along the mam livei highways little of the land is fully 
utilized. In the Congo Basin and in the laigci islands of the East 
Indies most of the scattered tubes live neai the liveis and along the 
Better-known foiest tiails, leaving large aieas of the intciioi almost 
uninhabited The native peopl es, with then pnmitivc subsistence atrn- 
cultu re, aie faced with many pioblems, in such a weltci of heat and 
Tiurmdity that man’s energy is sapped, and slow progress can be ex- 
pected wheie development is left to the natives alone 

The rainy low latitudes have not escaped the attention of energetic 
colonizing peoples fiom middle latitudes who have long been engaged 
in subduing and settling the productive poitions of the eaith Until 
very recently these would-be colomzeis and developers of the ram 
foiest have met with tiagic defeat. Determination, lesouicefulness, 
common sense and brawn— the pioneer qualities which have enabled 
man to spread over the entue temperate zone and make it his home- 
have not enabled him to mastei the wet tiopics He might have 
succeeded m subduing the tangled and qrnck-giowing vegetation had 
he not been compelled to fight swairns of insects fai moie dangerous 
than leptiles 01 wild animals, and to combat a scoie of deadly and 
mystenous tiopical diseases. Weakened by disease and foiced into 
inaction by the enervating climate, tempeiate-zone man usually lost 
out m the struggle The decaying remnants of ambitious projects 
today give mute witness to the hopeless struggle of many people who 
have settled here 

During the present century we have seen the beginning of a modern 
“conquest of the tropics" based almost entirely upon science. The 
work of General Gorgas, Dr. Reed, and scores of other scientists has 
demonstrated that certain tropical diseases may be eliminated, entirely 
or m part, by a rigorous program of hygiene arid sanitation General 
Gorgas banished yellow fever from the Canal Zone, put malaria largely 
under conti ol, and greatly impioved all health conditions Since 
Panama has been made livable foi the white race, scientific methods 
of development are being adopted m many othei tiopical regions 
Physicians, nurses, biologists, enginceis, meteorologists, geographers, 
and agronomists are all doing their part in the new development. The 
EastJndies, Malaya, Nigeria, the Gold Coast, and Libena are among 
the many places that have thousands of acres in plantations growing 
tropical products which are especially valued in colder lands This 

8 Theodore Roosevelt uaveled scveial bundled miles down the River of Doubt 
(River Roosevelt) before ho saw any signs of human occupation 
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new agncultuie has been developed so successfully during the past 
tluee decades that plantations of rubber, rice, tropical oil crops, cacao, 
and various spices aie now in a fair way to displace many of the more 
accessible jungles and forests. Although a splendid beginning has 
been made, using efficient, modern methods, the lainy low latitudes 
aie as yet unconqueied. Theie are enough unsolved disease pioblems 
alone to keep the scientists busy for many years to come. 



Fu. 72 The rainy low-latitude regions receive sufficient rainfall in all seasons so 
that tiees grow continuously and the forests are evergreen Compare with. Fig 
73 Boundaries of regions drawn by different authors and from different data 
seldom coincide throughout The equatorial and tropical forest areas (Fig 73) 
include both the rainy low-latitude forests and the monsoon forests 

Among the more serious tropical problems is that of retaining a 
degree of men tal and physical energy somewhat comparable to that 
of the tempeiate zone ' Eacloregfon of the tropical lam forest possesses 
many characteristics that are common to all of them The pioblems 
and potentialities of the several regions as related to donate, soils, 
native^ vegetation, native animal life, di sease s, native^ agriculture, and 
plantation crops have much in common These characteristics, prob- 
lems, and potentialities that are more or less common to all regions 
are discussed later in the chapter 

Although the several regions of the tropical lam forest have many 
charactenstics that are common to all, each region also possesses con- 
siderable individuality with respect to size, shape, location, soils, peo- 
ples, and agricultural potentialities These individual qualities can 
best be portrayed by a brief regional study of each. 
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REGIONS OP RAINY LOW LATITUDES 

The Amazon Valley. The Amazon Valley is a basin that has an 
east-west extent of appioximately '1,000 miles, and a north-south ex- 
tent of more than 1,200 miles in the zone of maximum width. Al- 
though a Iaige part of the legion has nevei been suivcyed, a widely 
used atlas indicates that moie than one-half of the Valley is a vast 
plain that lies below the 600-foot contour 8 Much of this lowland 
is flooded in times of high watei In places the flood plain is more 
than <50 miles wide and the unflooded aieas aie more oi less isolated 
(Fig. 73). 

High temperatuies, heavy lamfall, humid atmospheie, lain-leached 
soil, jungle, heavy foiest, insect pests, and diseases may be listed among 
the majoi factors that have retarded human progiess in the Amazon 
Valley Although this legion is more than one-half as large as the 
United Srates it piobably supports less than 2,000,000 people As 
late as the 1920’s scaicely 100 square miles of this vast area were 
devoted to any kind of agnculture. 4 

Other Tropical Ram Forest Regions of the Western Hemisphere 
Three other tropical lain forest regions aie situated in the western 
hemisphere Two of them he in the tiade-wind belts and the thud 
lies in the equatonal calm belt west of the Andes Mountains (Fig. 
72). Wheie the trade winds blow against the highlands of eastern 
Brazil and of eastern Central America and Panama, the rainfall is 
heavy at all seasons, the temperatuies aie continuously high, and the 
tropical forests are eveigreen 

The Congo Basin and the Guinea Coast The tropical ram forest 
of the Congo Basm has two distinct advantages over the Amazon 
Valley as the home of man First, the Congo Basin has considerable 
elevation above sea level and some areas are slightly cooler than most 
parts of the lowlands of the Amazon Valley Second, the rainfall of 
central Africa is not so heavy as that of the Amazon Basin. Never- 
theless the tropical ram forest of the Congo Basin usually leceives 
adequate rainfall at all seasons for native agriculture, whereas most 
sections of the lowlands of the Amazon Valley receive moie precipita- 
tion than is desirable 

Guinea Coast. Along the Guinea Coast and its immediate hinter- 
land, the rainfall varies greatly from one place to another depending 

3 John Bartholomew, The Oxford Advanced Atlas, Oxford University Press, 
1942, p 88. 7 

* Preston E James, Latin America, The Odyssey Press, 1942, p. 5SS 
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on topogiaphy and on the dnection and sticngth of the winds In 
the western foothills of the Cameroon Mountains the rainfall exceeds 
200 inches annually, and on the higher slopes it approximates 400 
inches. Although most of the coastal belt receives fiom SO to 100 
inches of rainfall, a nanow stup neai Accia teceives less than 40 
inches This light lainfall may be, at least m pair, a lesult of the up- 
welhng of cold watei off this coast 

The East Indies These islands lie across the equator and extend 
more than 3,000 miles fiom east to west and approximately 1,400 miles 
from north to south They aie scatteied ovei an aiea laigci than the 
United States but their total land area is approximately 743,000 square 
miles Although they are only a little more than one-foiuth as laige 
as the United States, they suppoit moie than 65,000,000 people. 

The East Indies lepresent great contrasts in economic development. 
Java and Madoeia (Madura) with an area of 51,034 squaie miles, 40 
per cent of which is waste land, support more than 43,000,000 people, 
or more than 1,500 persons pei squaie mile of utilized land Yet these 
people have achieved a lelatively high standaid of living for the Orient. 

For many decades pnor to Woild War II, the Nethei lands East 
Indies constituted one of the most pioductive and profitable colonial 
empues in the woild. Both plantation and subsistence agucultuie 
prospered, and vast quantities of lubber, copra, palm oil, tea, coffee, 
cane sugar, tobacco, cassava (tapioca floiu), kapok, cinchona bark, 
and spices were exported. The islands were also important produceis 
of tin and petroleum and were minor pioducers of nickel 

On the othei hand, Borneo and New Guinea are relatively unde- 
veloped Some of the more rugged sections of the islands aie still 
occupied by backward tribes of natives who have but slight contact 
with civilized peoples. In some of the most intensively cultivated 
areas of New Guinea, the tools used m agriculture aie little better 
than those of the Stone Age B 

This retaided state of development is not due entirely to adverse 
natural conditions, but to a lack of proper stimuli fot pioduction. 
In many areas the soil is fertile .and produces abundantly when prop- 
erly tended During World Wai II the Americans developed agn- 
culture in parts of the East Indies in order to solve the pioblem of 
shipping space that would othei wise be required to tiansport food to 
the soldiers. For example, by 1944, an American firm had developed 

5 L. J Brass, “Stone Ago Agriculture in New Guinea,” Geographical Reivew, 
October 1941, pp. J5ff, 
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a 250-acre farm m the Laloki River Valley north of Poit Moresby 
Planting was legulated so as to assure a steady supply of vegetables 
to the military forces stationed there An average acreage yield of 
30,000 pounds of lettuce, Chinese cabbage, and silvei beets was ob- 
tained annually. Squash, ladishes, watermelons, cairots, okia, and 
eggplant each yielded about 20,000 pounds Production on the farm 
at times exceeded the demand so that on one occasion it was necessaiy 
to dump 100,000 pounds of lettuce into the sea. 0 

The Philippine Islands The Philippine Islands occupy an aiea of 
115,600 square miles and, in 1940, supported 16,000,313 people Most 
of the land is rugged The mountain systems, although complex, are, 
in most areas, a succession of north-south-trending folds, fault blocks, 
oi disconnected volcanic ranges. 

The soils vary greatly in fertility In many areas, howevei, the 
soils are of volcanic origin or have been weathered from limestone 
and are feitile Agriculture is chaiactenzed by subsistence rice, corn, 
bananas, yams, and small quantities of cotton, cassava, and coffee The 
major agncultuial exports are coconut products, cane sugar, abaca 
(mamla hemp), pineapples, tobacco, and rubber 

CLIMATE OP THE RAINY LOW LATITUDES 

Temperature The rainy low-latitude regions have more uniform 
tempeiatures than are found in any other type of climate As they he 
on oi"near the equator, the noonday sun is always neai the zenith, and 
the days and nights are about equ al (on the equator the days and 
nights are always equal) Within these hot, wet lands the range in 
temperature depends chiefly on (1) nearness to the sea, especially on 
the windward side, (2) the amount of moisture m the air, and (3) 
latitude The windward coastal margins of these regions, tempered 
as they are by the sea, have but little change in temperatuie from 
month to month Thus Batavia, located on the windward side of 
Java, has a mean annual temperature of 78 8° F and a mean yearly 
range of only 2° F 

The forested interiors have only a slightly larger mean annual range 
Although tempered little by the ocean, these iforests give off an abun- 
dance of moisture even during the dry season, and the ground is moist 

°The great potentialities of the Pacific Islands for the development of agri- 
culture are indicated by Robert G Bowman m “Army Farms and Agricultural 
Development in the Southwest Pacific,” Geographical Review, July 1946, pp 
420-446. 
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and shaded so that it heats and cools slowly At Manaus, situated in 
the intend of Biazil, the mean annual langc of tempeiatuie is 2 7 F., 



Fig. 74 Temperature and rainfall records of four rainy low-latitude stations 


and at New Antweip, located in the forests of west central Africa, 
the mean annual range is 3.8° F. (Fig. 74). Even in the uplands the 
lange is small provided that the humidity is high, Entebbe, situated 
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near Lake Victona at an altitude of 3,683 feet, has a mean annual 
lange of only 2 7° F 

Near the coolei margins of the wet equatorial regions, and especially 
in the mtenor of a continent, the range from the coldest to the warm- 
est month is laigei than at the equator Thus at Senna Madureiro the 
average temperature lange for June is more than 4° F Beyond the 
bordeis of this hot moist lealm the annual range increases rapidly, as 
is indicated by the fact that, at Cuiaba, the coldest month is 12° F 
coldei than the hottest month, and the monotony of the winter month 
is broken by alternate cool and warm spells 
Eveiywheie the diurnal range of temperature is gieater than the 
seasonal lange and affords the principal relief from temperatures which, 
though not exceedingly high, would otherwise be monotonous and 
debilitating The diurnal range of temperature is determined largely 
by the condition of the atmosphere A heavy and persistent blanket 
of moisture shields the surface of the earth from the full effects of 
the tropical sun by day and likewise prevents the rapid loss of heat by 
night Duiing the lainy season, especially on the windward coasts, 
the diurnal lange is small and the nights afford little relief Even in 
those parts of the mtenor where the rainy season lasts most of the 
year, as at Manaus, and in all parts of the realm affected by the tem- 
pering winds from the ocean, as at Panama, the diurnal range is sma 
and the nights bring little relief from the heat (Fig 75) 

Even in the most enervating regions there is a winter (cooler and 
drier) season which is less debilitating than summer In fact, m some 
parts of the wet equatorial regions, the winter months are not un- 
pleasantly hot provided that one is not exposed to the direct rays of 
the midday sun, and during the night one may even suffer from the 
cold This is especially true of inland areas situated near the margins 
of the realm Thus at Senna Madureiro one would scarcely notice the 
difference from month to month, but he would notice the 27 change 
from day to night Night temperatures of 50° F may cause real 
suffering to natives who live month after month with the daytime 
temperature reaching the upper eighties and nineties with fear u 

P In Senna Madureiro the winter weather is less monotonous than at 
Manaus and Panama. The variation m weather becomes even more 
noticeable farther south in the wet-and-dry realm of Brazil. 

A study of Fig 75 indicates that night is the winter of the tropics 

T £ ZZ mnpL™* *« «■*« 

mean for the hottest; moreover, at many stations, high afternoon tern- 
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peiaturcs aie indicated moie often m the coolest month than in the 
hottest The most significant diffeience is that the lange of tempeia- 
tuie, the diffeience between the maxima and the minima, is gieater in 



Fig 75 Everywhere within die nuny low latitudes the diurnal range is greater 
than the seasonal range Mark Jefferson, “Actual Temperatures of South 
America,” Geographical Review, July 1926, Vol Id, pp 443-4 66 


the cooler month. The cool or winter month has more cleai sky, 
more sunshine falls on the ground to warm it by day, and more radia- 
tion through the cloudless an cools it at night. One would scarcely 
notice the difference in temperature from month to month, but he 
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would notice the 15° to 30° change from day to night Night, then, 
affords some relief from the otherwise constantly high temperatures 
In some aieas the wintei nights are sufficiently cool to cause a high 
moitality from bionchial and pulmonary affections among those who 
sleep without piopei covering 1 

Rainfall. The lams of the wet equatorial regions come, for the 
most pait, m daily showeis, interspersed with much sunshine, and 
long-continued lams are rare During even the season of greatest 
lamfall, almost eveiy day has a clear morning, and the ram comes 
from thundeistorms in the afternoon These thunderstorms result 
fiom convection cunents in the belt of equatonal calms This dis- 
tribution of rainfall has a marked effect upon the native people and 
their activities In many localities it is common practice to do most 
of the woik in the forenoon, cease all activity by eleven or twelve 
o’clock, and rest until after the rain is over In the rubber plantations 
of the Netherlands East Indies, for instance, the rubber gatherer begins 
his work before dawn m order to complete it before the heavy rains 
In certain localities the ram comes with such marked regularity at a 
certain hour in the afternoon that social engagements are made for 
“after the shower.” 

The seasons of greater and lesser rainfall are determined largely by 
the position of the sun. When the sun’s rays fall vertically and hence 
have the greatest heating influence upon the eaith, convection takes 
place rapidly and “the daily, precipitation is heavy. The area of maxi- 
mum convection which is known as the belt of equatonal calms— 
the zone of daily thunderstorm rains— migrates northward or south- 
ward in response to the north-south movement of the sun. The width 
of the calm belt over land is approximately 8° to 15° of latitude, and 
it migrates 10° or moie 

A few places near the equator have two seasons of heavy rainfall 
and two of lighter rainfall, but this condition is the exception For 
the most part the precipitation of wet equatonal regions consists of 
one penod of abundant rainfall followed by a period of lighter rain- 
fall, the maximum amount occumng when the sun’s rays are most 
powerful Near the heat equator the season of light rainfall is short, 
but towards the polar margins of the wet tropics this dry season in- 
creases in length with increasing latitude. During the wet season it 
lams almost every day, during the drier season several days together 

t The loss of life from bronchial and pulmonary affections was a great handicap 
lu the construction of the Madeira Marmora Railroad in western Brazil 
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may pass without ram, but the distribution usually is such as to keep 
vegetation gi owing luxunantly 

Humidity. The relative humidity is high most of the time and the 
absolute humidity is always high, the highest of any poition of the 
earth 8 Dunng the lamy season the atmosphere is so satuiated with 
moisture that it is difficult to keep anything diy Most food products 
left in the open spoil quickly, mold foims on clothing, food, books— 
on almost anything that is not tightly sealed, and metals lust much 
moie lapidly than m the temperate zone Befoie the eia of lefngei- 
ator ships and cars, few products subject to decay could be tians- 
ported through these regions without excessive loss The high humid- 
ity further added to man’s burden by increasing the sensible tempeia- 
ture and thus making the lamy season insufferably hot and 'enervating 
~ 'Soils. Contrary to the widely held idea that tiopic soils aie invari- 
ably rich and pionuse a nevei -ending productivity, the soils of most 
parts of the wet equatorial regions are relatively mfeitile and easily 
exhausted when measuied by standards in Amenca and Europe Per- 
sistent lamfall and high tempeiatuies break down the oiiginal silicate 
minerals and remove the soluble materials The soils are thus poor in 
lime carbonate, potash, and phosphoric acid " Most of the soils have 
been developed undei a cover of arboreal vegetation and consequently 
contain a relatively small amount of organic matter (see pp. 98-99). 

The constantly high temperatures, associated with the heavy tiopical 
lams, have caused the development of lateritic soil types and in places 
even pure latente (pp. 95, 98, and 99). The lateritic types aie the most 
jegtensive. 

Though the old soils of the rain foiest aie relatively infertile, the 
young soils are often quite productive. These young soils have de- 
veloped in the relatively recent alluvial deposits found along the 
stieams and in lecent lava materials Since many of the travelers in 
tropical ram forests have followed stream courses, many of them have 
emphasized the fertility of these young soils, and the extensive aieas 
of typical mature and infertile lateritic soils have received less atten- 
tion. , > 

Some of the most notable examples of young soils are well lllus- 
; trated in Java. This island, widely known foi its productiye planta- 

8 Since air at 90° F holds, when saturated, about eight times as much moisture 
as air at freezing, the equatorial belt always carries a large amount of moisture, 

0 Twenty-six samples of soil and subsoil taken from widely separated areas in 
the Amazon Valley failed to show a trace of lime carbonate or any other 
carbonate. 
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tions, supports approximately 42,000,000 people on an aiea less than 
the size of New Yoik State, and in addition the Javanese produce an 
agricultural suiplus for export The exceeding fertility of this island 
is a gift of its volcanoes, many of which are still active Layer after 
layer of feitile volcanic ash has been spread over most of Java, making 
it the richest garden spot in the wet tiopics and one of the most 
densely populated areas m the world 


NATURAL VEGETATION 

The natural vegetation of the rainy low latitudes may be classified 
in two gioups— the jungle and the ram forest Along streams and 
ocean shores where sunlight can reach the ground the jungle pre- 
dominates, in the interior of the foiest the canopy of vegetation cuts 
off the sunlight to such an extent that the smaller plants may be choked 
out and the ground may be almost bare of undergrowth. 

Under the influence of abundant heat and moisture, plant life is 
rnoie profuse in the jungle of the lainy low latitudes than m any othei 
part of the woild All these lowland regions, watered by daily 
showers dunng most of the year, aie coveied with a dense, bioadleaf, 
evergreen forest which becomes an impenetrable forest jungle along 
the streams Crowded in among the trees and sometimes almost con- 
cealing them is a riotous profusion of smaller vegetation, including 
shrubs, flowers, vines, and creepers Parasitical growth, including 
many of the multicolored flowers, is especially common, and ferns - 
hang like feathered ribbons from many of the branches Lianas creep v 
along the ground or climb to the tops of the highest trees, passing 
from one to another and forming an interlacing network So in- 
tricate is the web of growth that the explorer has difficulty m dis- 
tinguishing the various parts of a plant, often confusing leaves, flowers, 
and fruits of different species Where the lowland jungles are ram- 
soaked thioughout the year, the earth is often smothered by growing 
vegetation 

The true ram forest, oil the other hand, has a thick stand of trees 
with a dense canopy of leaves that shade the ground It may, how- 
ever, be sufficiently free of undeigrowth to permit paths to be opened 
with little effort 

The Amazon-Bas in contains the most extensive area of ^ramjjojs^,, 
in the woHd~(Fig 7*6). From the mouth of the Amazon'to ihe foot 
oftHTSn!®Pr, and from the upper branches of the Madeira to the forks 
of the Orinoco, all the country is forested except foi occasional breaks 
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of low-latitude giassland, such as those of the Venezuelan Campos 
On the divides between the tnbutanes of the lower Amazon the forests 
give way to this same type of giassland 10 The Amazon forest as a 
whole was designated by the Portuguese as the “silva,” but it may be 
divided into thiee distinct types of foiest as follows (1) the coastal 
foicsts, which aie for the most pait composed of mangrove swamps, 
(2) the inundated foiests, which occur on the alluvial flood plains of 
the Amazon and the majoi tnbutanes from Paia to the foothills of 
the Andes, composed of comparatively few species, most of which 
are softwoods, and (3) the foiests of the uplands (above flood levels), 
wIucR aie veiy lich in species, predominantly haidwoods which take 
a high polish. 11 “ * 

The silva of the Congo is veiy similai to that of the Amazon In 
places the west African foiest extends entirely to the coast, and whei- 
evei a livci basin provides the proper moisture conditions (where the 
watei table comes close to the surface) the silva also penetiates fai 
back into the Sudanese grasslands Where the seacoast is bordered 
with swamps, the tall foiest disappeais and tangles of mangrove pre- 
dominate, wheie the coast is sandy, coconuts and oil palms thrive 
bcttci than eithei the mangiove oi the silva 
Late explorations indicate that an accuiate natuial vegetation map 
of the Congo Basin would probably show, not the wide expanse of 
umntenuptcd foiest which appears on some maps, but a series of 
foiest belts along each of the majoi tributaries— long ribbons of true 
silvas following the tiopical nveis far into the grassland For a few 
miles on eithei side of the nvei theie is a jungle growth, and farther 
towards the divide the jungle may open out into the typical “campos ” 
In east Africa, the East Indies, and the Malay Peninsula, the dense 
jungles and foiests are broken in numerous places by plateaus and 
mountain ranges, the muease in altitude and better drainage pioducmg 
a variety of vegetation types within a narrow zone. In parts of Java 
and Sumatia a walk of less than a mile may take one from the densest 
jungle into the open foiest of the mountain side 
Utilization of the Tropical Forest The lam forests abound in 
species which aie useful to man for their lumber^nuts, fr uits, a nd gums, 
but then exploitation has too often been difficult and expensive Such 

10 Sec Vegetation Map of World, Goode's School Atlas , Rand McNally & Co , 
1923, pp. 6-7 

11 For a more detailed discussion of the nature of the Amazon forest, sec L on 
and Sparhnwk, Forest Resources of the World , McGraw-Hill Book Co, 1923, 
Vol. II, pp. 692-700. 
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tiees as the Hevea bi asdtenm, the best wild lubbei pioducei of the 
Amazon, aie usually found deep in. the foiest, and the gatheier is com- 
pelled to open a path thiough the jungle to each tice Most of the 
fiuits, nuts, and fibers aie obtained with equal difficulty Stnce sticams 
aie the only tiaffic loutes in most of the tiopics, the natives usually 
limit their foiest utilization activities to aieas closely boi deiing the 
uveis wheie boats can be used Paths aie opened into the inteiior 
only when theie is some unusual inducement 

As a souice of lumber the wet tiopics have been quite unimportant 
up to the present time The only woods that have enteied to any 
considerable extent into the expoit trade have been cabinet woods, 
dyewoods, and otheis used foi fine inteiiot decoiations These have 
foi the most part been desiied because of then extreme hardness, rich- 
ness of color, fineness of texture, 01 simply because they aie rare 
Usually such trees are widely scatteied through the foiest. This 
piactice of using only a few species, and those among the least abun- 
dant, has made logging operations exceedingly difficult and expensive 
The problem of developing the foiest industries has been further ag- 
gravated by inadequate transportation facilities, the lack of suitable 
beasts of buiden, and the scarcity of laboi. In addition, many of the 
cabinet woods are so haid that the felling of the ticcs and the cutting 
of the logs constitute laborious tasks, especially in these hot, humid 
lands where men cannot enduie hard labor for any protracted period 
of tune All these factors, together with others such as mud, floods, 
insect pests, and unsamtaiy conditions, have tended to make lumber- 
ing costs prohibitive In the past it has often been a more simple 
task to import lumbei fiom the temperate zone than to get it fiom 
the surrounding forests. 

Because of the numerous handicaps to tropical foiestry, the idea has 
prevailed that these gieat foiests can never become an impoitant 
souice of construction timber or other woods which may be substi- 
tuted in a large way for the hardwoods and softwoods of the northern 
hemisphere, and that whatever hard timber they produce must in- 
evitably be extremely expensive because of excessive costs of foiest 
operations. Progress is now being made in overcoming many of the 
difficulties listed above. As a result, lumbering is soon to find an im- 
poitant place among tropical industries Just as the development of 
tropical aguculturc had to await the aid of science, so pi ogress in the 
forest mdustiies is likely to be slow until these industries are scien- 
tifically conducted. Fortunately, the Philippine Islands affoid an ex- 
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cellent laboratory for Amencan study, and the Congo Basin is well 
suited for similar study by Euiopeans 
The forest service of the Philippine Islands made a survey of the 
more accessible forests and found more than 2,500 tree species It 
learned, howevei, that 20 species constituted 80 pei cent of the stand 
Unfortunately the majority of these 20 species were not popular m the 
maiket The woods weie brought to the attention of the local and 
world maikets and within a few years many timber concessions weie 
gianted to Americans, British, Filipinos, Chinese, and other nationals 
for the development of lumber industries 
The development of tropical forestry is encouraged by the rapid 
depletion of temperate zone forests Although substitutes for forest 
products are being found continuously, new uses are also being cre- 
ated, so that the total demand on our forests do not decrease Already 
the enormous reserves of the tropics are being carefully studied Ac- 
cording to recent estimates, Brazil alone contains 3,400 billion board 
feet of standing timbei and other regions of the tropical rain forest 
contain many more billion feet No othei climatic realm has such 
great foiest resources or forest potentialities 
Since some of the valuable softwoods of tropical forests grow very 
rapidly it is entirely possible that, sometime m the future, softwood 
plantations may be developed and become of commercial importance 
The start has already been made in the “balsa plantations” of Ecuador 
Balsa, the lightest wood known to man, is found almost everywhere 
in the tropics, but the product of commerce now comes largely from 
the plantations of Ecuador, The trees grow to heights of 70 or 80 
feet with trunks 3 or 4 feet in diameter The wood, half as heavy 
as cork, weighs only 5 to 7 pounds to the cubic foot Imagine a 
20-foot timber 12 inches square which weighs only 120 pounds 
The first balsa was brought into the United States in 1911, but the 
demand for the product was limited as the wood sold for $250 a 
thousand board feet Then came World War I with a large demand 
for balsa regardless of price Balsa rafts were installed on the crowded 
army transports m place of lifeboats Enough balsa rafts to support 
450 men could be stowed m the space formerly occupied by one life- 
boat, which could carry only 30 or 40 men 
New uses for balsa are being found constantly and the demand for 
it is increasing. Since balsa is light and strong it is being used m 
increasing quantities for the manufacture of boxes and crates to be 
used m shipping expensive goods that must pay high transportation 
costs per pound. It is also used for the manufacture of life preservers. 
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swimming belts, submaiine-mme floats, and pontoons Balsa is also 
famous foi its insulating piopcities and is used in the manufactuxc of 
refugeiatoi equipment Because of its extreme lightness and sticngth 
combined with its sound- and vibiation-absorbmg qualities, the inside 
walls in the passengei compni tments of many conimeicial planes aic 
made of this wood . 1 - 5 

Many othei plants of the tiopical foiest aic useful to man foi then 
fibers, gums, spices, flints, nuts, and oil seeds The tendency is to 
cultivate them in plantations mthei than seek them in the foiest 
These tiee ciops aie discussed undci plantation agucultuie (pp. 
191-197) 

NATIVE ANIMAL LIFE 

Our present limited knowledge of the equatorial forest appaiently 
makes it unsafe to generalize, except in a bioad way, concerning the 
amount of animal, bud, and insect life to be found theie. Jungle 
fauna is far fiom being unifoim thioughout these icgions, not is it as 
abundant as many natuialists have lnfencd fiom following one tiop- 
ical stieam while the back forest is left entucly unexploicd. One 
ti avelei will wnte at length of the bands of monkeys and the teeming 
bud life encountered along one of the sluggish low-latitude nveis, 
the next will comment on the almost entnc lack of fauna in an ap- 
paiently similar legion- Many tiavcleis speak of the lonely and op- 
pressive silence of the rain, forest— a silence unbioken for long penods 
except for an occasional splash in the streams 01 the humming of in- 
sects It will be sufficient to say that in paits of these legions there is 
no great piofusion of animal or bird life. 

On the othei hand, a consider able fauna does exist throughout the 
larny low latitudes as a whole, and seveial distinct types aie common 
to all these regions. Since grass is almost entirely lacking, grazing 
animals are raie. Among the species best adapted to the forest are 
those which subsist mainly upon nuts and fiuits, the wild hog, the 
tapu, and the various members of the monkey family are representa- 
tives of this clan Monkeys, especially, are numeious throughout 
forested Afnca and in certain parts of the Amazon Basm. 

"*The carnivorous group is also represented in the rain forest, the 
jaguar and the puma being the best examples. They are the particular 
enemies of the wild hog and the monkey. 

v, „ ^ ^ ^ 

ia Banda C. Francisco, “Balsa Goes to War,” Agriculture in the Americas , 
November 1943, pp. 211-214. 
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Bird life is exceedingly abundant, it varies from the tiny humming- 
bnd, little laiger than a good-sued hornet, to powerful birds of 
prey with a wing spread of 6 or 8 feet. Wood pigeons and thrushes 
similar to those found in noithern lands are among the smaller birds 
common to these regions Macaws with scarlet bodies and blue or 
yellow wings, and equally gaudy parrots and paioquets, flit through 
the jungle and add to its color and noise In general, tropical bird 
life like tropical floweis tends to unusual variety and brilliance of hue. 

The streams contribute their share of tropical life also. During cer- 
tain seasons, many forest tribes resort to the rivers and with net, trap, 
oi speai supplement their usual food supply with fish Along the west 
Afncan coast where the swollen rivers run through swamps the natives 
hunt the hippopotamus by means of pits or suspended spear traps 
The alligator or the ciocodile is found in most equatorial streams, and 
in the daytime may be seen along the banks or perched on a log m 
the sun Turtles frequent the African streams and are found to some 
degree in the Amazon. 18 Serpent life is abundant, ranging in size 
from the tmy water snake to the huge python or boa constiictor which 
can quickly crush a large animal 

Insect life is one of the major annoyances of the rainy tropics 
White ants, oi tei mites, swarm in both the eastern and the western 
tropics, and the black ants sometimes enter homes or even villages m 
such large numbers that the inhabitants are compelled to withdraw 
The multitude of winged insects includes the dangerous tsetse flies, 
the moital enemies of cattle and the cause of sleeping-sickness There 
are also found swarms of night-flying insects such as beetles, fiie- 
flies, gnats, and a number of rarer insects which are confined almost 
wholly to the rainy tropics. The vampir e bat is unique among night- 
flying fauna It subsists by sucking blood from the bodies of larger 
mammals, including man, usually while the victim is asleep The 
myriads of mosquitoes are probably the most widespread and char- 
acteristic of all flying pests, they are also the most troublesome and 
dangerous Since the widespread areas of damp and dripping jungle 
afford an ideal breeding place for these disease-carrying insects, they 
are difficult to control. 

Useful domestic animals have difficulty in surviving the insect pests 
and disease germs; moreover, the natural vegetation is unsuitable as 
food for most of these animals Relatively few cattle, horses, and 

18 In some sections of the Amazon Valley the turtle is raised for its meat just 
as we raise chickens 
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sheep aic found in the equatorial lowlands, and when impoited the 
breeds usually detenoiate lapidly 14 The water buffalo is used as a 
draft animal by the natives of the Fast Indies and the Malay Peninsula 
In places, especially along the east coast of Afiica, the mule is used, 
as he is moie lesistant to heat and lequiies less eaie than the horse 
Pigs and chickens aic the only othei domestic animals which do well 
m these regions Roast poik is one of the favonte meat dishes 
thioughout the lamy tiopics, and in ceitain paits of Afiica the native 
feast is incomplete without two oi tlnee pigs masting on spits ovei 
the open file. 


NATIVE MAN IN THE WET TROPICS 

Each type of civilization has evolved thiough ages of tml and elim- 
ination and is largely the outgiowth of the attempts of a people, either 
consciously or otherwise, to adjust themselves to enviionment The 
civilization of tiopical foiest peoples is no exception to this universal 
lule, and it is in many respects well suited to the living conditions found 
in the rainy low latitudes Progress m the sense in which it is known 
in temperate climates has been retarded, not only by the enervating 
climate and the unhealthful conditions, but also by the very ease of 
existence Life in the tropics is simple fiom a mere subsistence stand- 
point, all the actual necessities being obtained with a minimum of 
physical cxeition. This, m turn, slows up the evolution of civilization, 
since man’s advancement results largely from the spui of necessity. 

Yet through the centuries those foiest peoples have been building 
up a civilization for which, in the light of the white man’s experiences, 
they deserve much piaise They have been gradually learning to 
make better use of then resources and to adjust their methods of 
living to then environment One of the closest students of jungle 
peoples, John W Vandercook, has said that the African jungle dweller 
of today is the result of just as many eons of steady change and de- 
velopment as the contemporary citizen of Manhattan, At piesent in 

14 “Meat in particular is hard to obtain, for the tsetse flics do not permit cattle 
raising and were it not for the game theie would be nothing Bewccn Lake 
Tanganyika and the mouth of the Congo, a distance of more than two thousand 
miles, I did not see a single cow— barring a small herd of cattle which the fathers 
of one of the Catholic Missions have succeeded m raising at their station near 
Nouvelle Anvers— and only occasionally sheep and goats. Wild pigs are fanly 
plentiful . . Alexander Powell, The Map That Is Half Unrolled , The Cen- 
tury Co„ 1925. (Reprinted by permission of publisher ) 
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the west African interior one finds a society almost as complicated, 
m its elusive way, as ours This African culture need not bear any 
particular lesemblance to that of the northlands It is only natural 
that theie should be many differences m the customs and folkways of 
peoples who live m entuely different environments and differ racially 
in so many lespects. In the same way that environment has given the 
equatorial-forest man food, clothing, and shelter which differ mark- 
edly from those most common in cool climates, so has it given him a 
different philosophy of life A carefree, easy-going existence is valued 
moie in the tropics than in temperate lands 

Tropical Forest Peoples Primarily Farmers 

The populai idea of tiopical-f orest peoples is that they aie hunters 
who live off the fruits, nuts, and game of the forest It is likely that 
they have passed thiough the hunting stage just as the peoples of 
western Euiope have done, but today they are supported primarily 
by agriculture Yet there aie exceptions to this method of living 
m the broad Amazon Basin there still lemain Indian tubes that have 
scarcely reached the agricultural stage, tribes that are ignorant and 
without ambition They eke out a scanty living from the food sup- 
plies of the sti earns, from nuts and fruits of the forest, from game 
animals such as the peccaiy, monkey, and sJoth, and from a few vege- 
tables which tequiie little 01 no cultivation This condition is the 
exception, however, and in both the Amazon and the Congo valleys 
agriculture is the main support of the natives They may fish at 
tunes, and gather fruit and nuts— primarily to supplement the agri- 
cultural products 

The securing of food is a simple matter, and yet it is the most diffi- 
cult task that the natives have to perform. The other requirements 
of life— of mere existence— are few little clothing is needed, houses 
are quickly and easily built fiom local materials, and the average native 
is too debilitated to stuve for the luxuries of civilization Hunger is 
the piime and constant spur which arouses the native to useful labor 
He has learned that the farm (small clearing) affords the largest and 
safest food return for the effort expended and has, accordingly, de- 
veloped an agricultural system of the simplest kind— a system requir- 
ing the minimum of labor and equipment. 

The Milpa System. Milpa agriculture is characterized by the plant- 
ing of crops in temporary clearings Instead of keeping the same 
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land under cultivation year after year, new clearings aie cut and 
burned for planting, and dealings of previous years aie abandoned to 
the wild vegetation Doubtless the utter simplicity of the system has 
kept it fiom being recognized as an excellent adaptation of primitive 
agriculture to tropical-foiest soils which aie easily exhausted and yield 
poor crops aftei a few yeais’ cultivation 10 The system is found in 
every rain foiest region It is used by primitive tribes in the cultiva- 
tion of upland rice in tropical Asia, it is the common method of cul- 
tivating many ciops in cential Africa, and it is the system in most 
common use among the Indian tribes of the Amazon Valley 

Milpa agriculture is not only well adapted to the soils, but it is also 
well suited to the needs of a primitive people, since little laboi and 
equipment aie needed The ax oi cutlass is the only tool necessaiy 
Tribes that did not have effective cutting implements felled or girdled 
the trees by building fires around them dealing the land is the hard- 
est pait of the work After this, man, or more likely woman, cairies 
on the agriculture in the simplest fashion 

Such a system is best suited to small communities In the Congo 
Valley most of the agricultural villages situated between 6° noith and 
6° south consist of fewer than thirty huts, and settlements of eight or 
ten are not uncommon These villages are invariably built along the 
streams, as no other watei -supply systems are known to the natives 

Major Crops 

Plantain The plantain (a kind of banana with fruit largei, less 
sweet, and more starchy than the ordinary commeicial banana) is one 
of the most important crops of the wet tiopics In some areas it is 
the chief support of the natives This fact is well illustrated in south- 
eastern Uganda, where in several provinces plantain occupies moie 
than twice as much land as all other food crops combined. A few 
years ago its dominance was even greater and in some provinces it 
occupied more than 85 per cent of the land cultivated in food crops 
Still earlier reports indicate that in certain sections it was giown to the 
exclusion of all other food crops. In writing about this region, Sir 
Harry Johnson says that many natives never eat anything but plantain 
pulp 

18 On certain of the volcanic soils of Java, the Spice Islands, and other East 
Indian islands the soils are rich in mineral fertilizers and yield many crops before 
they become greatly depleted. 
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Wheie the plantain tree bears well it affords a reliable food supply 
throughout the year with the minimum amount of labor. After the 
land is cleaied and the plants are started, they continue to yield fruit 
yeai aftei year When a tree begins to grow it soon makes side- 
shoots which are well developed by the time the fruit of the parent 
nee is npe Thus until the soil becomes depleted the food supply 
of the family is assuied, unless the lams fail or the locusts destioy the 
crop Dunng the dnei seasons no care is given to the plantain gaidens 
except that of merely cutting the fruit, when the rains come the weeds 
must be kept down in order that the crops may thrive . 10 

Since the plantain tree yields throughout the entire year, many of 
the natives make no provision foi the future food supply, unless it is 
to dry a little fruit As a result, in those aieas where the natives de- 
pend almost wholly on plantain, any failure of the ciop brings on 
famine When the dry season lasts more than two months the plantain 
yield decreases or may fail entirely Fortunately, the roots of the 
trees, which contain nourishment, may be eaten by the natives to help 
tide them over such periods Yet in certain sections of the Congo 
Basin, where plantain is the main support of the people, any failure 
of this crop is disastrous, and the lesultant malnutrition and starvation, 
combined with pestilence, have practically depopulated whole districts 

Cereals. Maize is another excellent agricultural crop for these hot, 
wet lands It can be planted in the deadened forests by means of no 
other implement than a shaipencd stick, it will yield a fan crop with 
little or no care, it may be left standing in the field for a considerable 
time after it is npe without excessive deterioration, and the gram 
keeps fairly well under conditions of heat and moisture 

Another cereal well suited to tropical forest agriculture is rice It is 
a hardy cereal and will thrive with little cultivation In parts of Sierra 
Leone and the Belgian Congo the crop receives no attention after 
planting until near harvest time, when the childien are required to 
keep the buds from the fields The rapid growth and gieat nutritive 
value of rice make it pre-eminently suited to cultivation on a small 
scale A patch of a few acres will feed a village for a year Bananas, 
nuts, and other tree crops require little attention after clearings are 
once made and the trees planted No cultivation is necessary, but 
the other vegetation must be hacked down from time to time 

10 A more complete discussion of the importance of plantain cultivation is given 
hy John Roscoe m The Bwganda, Their Native Customs and Beliefs, The Mac- 
millan Co , 1911 
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Minor Crops 

A scoie 01 moie of othei ciops, such as cassava, yams, sweet pota- 
toes, sugar cane, peas, beans, and pumpkins, are of considerable im- 
portance, especially m those legions where native agucultuie is most 
highly developed In most paits of the wet tropics, however, these 
crops aie of minor importance as compaied with plantain and ceieals 
—corn and rice 


HOMES OF NATIVE PEOPLES 

Throughout the world the house (home) is the most commonplace 
and at the same time one of the most significant of man’s creations, it 
serves as a living place wheie the family is united, a social centei, a 
shekel from the elements, and a protection against nun and beast 
To the geogiaphei and the sociologist it is doubly significant in that 
it often reflects the ducct adjustment of man to his environment 

In the temperate zone, for example, a house must be built to ictain 
warmth, among the wandenng nomads of the desert a house must be 
light and easily transported from one place to anothei Neithei of 
these functions is important m the forest-coveied lamy low latitudes 
In its simplest form the functions of a tropic house aie protection 
from ram and shekel from the direct lays of the sun If at the same 
time the house is so constructed that it piovides foi an easy circula- 
tion of air, the heat and humidity become moie beaiable Thus, the 
typical abode of cquatorial-foiest peoples consists of a light framewoik 
of poles, supporting a heavy thatched roof made of layers of over- 
lapping leaves or of bioad-bladed grass, the sides of the house may be 
open or there may be side walls of loosely woven matenals or of poles 
daubed with a layer of mud Such houses are well suited to the le- 
gion they are easy to construct, the forest provides an abundance of 
building materials, and the thatched roof is an excellent shield from 
the sun and a fair protection from the ram (Figs 77 and 78). 

Throughout most of the wet tropical regions the soil is damp, sour, 
and unhealthful, in places the natives are troubled by numerous rep- 
tiles and wild beasts In many areas it is a common practice to pro- 
vide against these unpleasant conditions by placing the houses high 
off the ground, on stakes or piles. These elevated houses are situated 
not only along the shores of the lakes m Venezuela, near the coasts 
of many of the Philippine and East India Islands, and m the lowlands 
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of the Amazon, Congo, and other river valleys where the floodwaters 
aie common, but they aie also found on the uplands of Borneo and the 
Philippines 



Fig 77 A typical native shaniba of southern Uganda surrounded bv fields of 
plantain, peas, and sweet potatoes (Courtesy U S Department of Agriculture ) 



Fig 78 Note that some of the “modem houses” are being constructed with 
more light and air space (Courtesy U, S Department of Agriculture ) 


GOVERNMENT 

Practically all the rainy low latitudes are governed by temperate- 
zone peoples who have not considered the natives capable of govern- 
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ang themselves according to modern standards Most natives have 
been submissive peoples who have offered little lesistance to the con- 
trol of the whites The undeilymg cause of indolence and ignorance 
are difficult to dispel in these enervating, disease-ndden legions The 
whites, on the other hand, aie continuously ainving fiesh fiom in- 
vigorating climates with a leseive of physical and mental energy 
Under such conditions, their leadership is inevitable. 

The whites, unable to appieciate fully the deep-seated causes for 
the lassitude of the natives, complain of their shiftless habits Tem- 
perate-zone peoples, being capable and aggressive but unwilling to 
engage m haid manual laboi in these hot wet regions, place the 
drudgery on die natives who produce lubber, hardwoods, oils, and 
food to help supply the growing needs of an industiial woild The 
situation as it has existed dunng the past centuiy has been aptly ex- 
pressed as follows “The whites rule, the natives woik ” 

During recent years, howevei, an mci easing number of natives are 
demanding home rule The Atlantic Chaiter, the Dumbarton Oaks 
Conference, and the United Nations confeiences have aroused hopes 
in the minds of many of these peoples for a highei degiee of self- 
government m the world of tomouow The Filipinos have alieady 
been given complete freedom, and an mci easing degiee of self-govern- 
ment is being granted to natives of the Netherlands East Indies Yet 
many difficult problems remain to be solved befoie the guiding hand 
of temperate-zone peoples can be safely withdrawn fiom the govern- 
ment of the peoples of the ramy low latitudes 17 

Conclusion. The natives are still “children of the forest” They 
are developing, but the pi ogress is slow After caiefully studying 
their environment one scaicely knows whethei they are moie deserv- 
ing of condemnation for their backwardness or of praise for then 
accomplishments Man advances and civilization evolves through 
physical and mental activity, but idleness and dullness are forced upon 
the natives by the enervating climate, by diseases such as hoolcwoim, 
malaria, dysentery, and tropical fevers which sap the vitality of the 
population, and by the ease of obtaining the few necessaries of exist- 
ence. As a result no masterful peoples nor high degree of civilization 
has ever been developed m the tropical forest . 18 The natives have, 

17 See John Wesley Coulter, “Impact of the War on South Sea Islands,” 
Geographical Review, July 1946, pp 418-419. 

18 The Maya civilization of Yucatan appears to be an exception, but sonic 
students believe that the climate of this region was mofc invigorating when the 
great temples of the Maya civilization were built 
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howeve;, made many adjustments of living conditions to suit the 
environment. 


PLANTATION AGRICULTURE 

The milpa system, well adapted to the needs of native agucultuie, 
is not suited to the laige-scale production of high-grade foods and 
industrial products demanded by peoples of the temperate zone To 
meet these newer requirements a modern system of agriculture is 
being developed in which the unit is the plantation 

In some paits of the rainy low latitudes the plantations are manned 
by native workers but are owned and directed by more eneigetic 
and capable men from the north temperate zone Such a system of 
plantation development is especially common in Malaya, the British 
East Indies, Ecuador, and in parts of Brazil This dual interest m 
plantations (native labor and foreign ownership and control) has 
resulted in much dissatisfaction among the natives They complain 
that the foreign landlords are interested primarily in piofits rather than 
in the progress of the natives 

Although the plantation system has been developed with profits in 
mind, it has brought many blessings to the natives Tropical peoples 
are in need of the capital, skill, and science that can best be supplied 
by the gieat industrial nations The plantations, on the othei hand, 
must be manned by willing and capable workers if profits aie to be 
realized Consequently, most plantation owneis look after the simple 
comforts and the welfare of their laboreis In many parts of the 
tropics the foreign-owned plantations constitute the only sanitary and 
wholesome places m which to live Capable doctors and nurses look 
after the laborers, engineers create sanitary zones, and hospitals have 
been erected m arenas where but recently witch doctors carried on 
their pernicious practices while helpless victims died of diseases entirely 
unrecognized by the natives Thus the foreign-owned plantations of 
the tropics have been of benefit both to the natives and to temperate- 
zone peoples Their development has resulted in the improvement of 
health and the standard of living of the natives At the same time 
the plantations have supplied industrial nations with rubber, tea, cacao, 
oils, and other useful products 

Since the early 1920’s, native-owned plantations have been devel- 
oped m gieat number In west central Africa and in parts of the 
East Indies a large percentage of the plantations are owned, directed, 
and manned by natives For example, the British have encouraged the 
natives of Nigeria and of other west African areas to develop their 
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own cacao plantations At the same time, the Dutch have fosteied 
the development of lubber plantations by the natives of Netherlands 
East Indies 

The plantation has been developed solely for the pioduction of com- 
mercial products While the fang (nnlpa faimei) pioduces a few 
subsistence ciops to satisfy his daily food 1 equn ements, the plantation 
specializes in a wide lange of c\poit ciops to suit the moie vaned 
needs of the industrial world The ciops of the fang aie consumed 
only m the home village, but the foods, fibers, oils, and gums of the 
plantation have become woildwide m then distribution 

Although the plantation agriculture of the wet tiopics has been 
piogressmg gradually for more than 200 yeais, its lapid development 
is the woik of the last few decades. Pievious to 1900, Europeans had 
little knowledge of tropical products for which, as yet, theie was 
little demand, neither had they learned to utilize the wet tropics suc- 
cessfully, and many of then attempts at exploitation had lesulted m 
disaster Under such conditions, progiess was neccssanly slow As 
recently as 1890 the banana was a cunosity to millions of Americans, 
rubber was an expensive luxury seldom used by the oidmary man 
except, perhaps, as eraseis, and quinine, chocolate, and coconuts weie 
so expensive that they weie purchased spanngly These and many 
other pioducts are now being giown cheaply and in abundance on 
tropical plantations and distributed to the consumeis at a small frac- 
tion of their former cost As a result the consumption has increased 
enormously Since 1925, except as interrupted by World War II, 
more than a million tons of these pi oducts have been landed annually 
in American ports, and many of them have become commonplace m 
eveiy community 

In examining the list of American impoits we find that the major 
portion of the trade grows duectly out of climatic differences between 
the temperate and torud zones, yet the lapid rise of commerce is in- 
separably associated with other conditions Among the most impor- 
tant of these are (1) the rapid growth of population in the north 
temperate zone, which has created an insatiable land hunger, (2) the 
discovery of many valuable uses for tropical gums, fibers, and oils, 
resulting in a tremendous stimulus to then production, (3) an im- 
provement of transportation facilities, which has broadened the pos- 
sibilities of commerce manyfold, and (4) the improvement of tropical 
sanitation methods, which has made the tropics moie livable for the 
white man and has multiplied his opportunities for success 
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Difference in climate is a fundamental and lasting basis of trade 
between the wet tropics and the colder legions of the north— a basis 
which cannot be altered by man No amount of education or skill 
can qualify man to grow bananas or cacao on the open plains of the 
spring wheat belt, or hevea rubber on the fertile farms of the Ameri- 
can corn belt which lie wide open to the cold northern blasts Neither 
is it likely that the natives of the tropical forest will ever manufac- 
ture the gieat variety of fabricated aiticles which they now procure 
from the great mdustiial centers situated in more stimulating climates 
An exchange of products along north-south lines will always be essen- 
tial in rounding out the development of both the tropical and tem- 
perate legions 

The introduction of steam navigation was of major importance m 
widening the opportunities for tropical development and has been 
indispensable to the rapid growth of the plantation The sailing 
vessel was slow at best, and the time required to pass through the 
equatorial calms was always uncertain In the oppressive stillness of 
the air the sails might idle for days Only non-perishables could be 
shipped through the hot, humid calm belt by this uncertain method 
Today, subject to interruptions caused by war, the swift and reliable 
refrigerator ship caines the most perishable plantation products to 
the distant markets of Europe and America, where they are delivered 
to the consumer with the minimum of deterioration 1D 

Rubber — The Leading Plantation Crops of the Tropical 
Rain Forest Realm 

Rubber has become indispensable to modern civilization, both in 
the constructive pursuits of peace and m the destructive pursuits of 
war Before the outbreak of World War II, the output of natural 
rubber exceeded 1,000,000 tons annually, and this elastic product was 
used m the manufacture of more than 50,000 articles 

Sources of Rubber. Prior to 1910, almost the entire supply of 
rubber was obtamed from the Hevea brasiliensis, a tree native to the 
Amazon Valley The product was called wild rubber However, 
early m the twentieth century it was discovered that the wild rubber 

18 Bananas shipped to the World’s Fair in Philadelphia in. 1876 were carefully 
wrapped in expensive tinfoil in order to prevent decay, and even then the loss 
was excessive Today, by the aid of refrigerator ships and cars, bananas are 
transported to the most distant American communities, and the percentage of 
loss is small 
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could not supply the rapidly growing demand cieated by the auto- 
mobile industry, consequently, rubber plantations weie developed m 
southeastern Asia and in the East Indies (Fig 79) These Oriental 
plantations supplied 95 to 97 pei cent of the woild’s mbbei requue- 
ments duiing the few yeais befoie the stait of World Wai II. After 
most of these Onental plantations were taken ovei by the Japanese 
in 1942, the western woild was compelled to depend on synthetic 



Fig. 79 Plantation rubber of die East has now practically replaced the wild 

rubber of Brazil 


products and on scrap as major sources of rubber With the return 
of peace, natural rubbei production is once again increasing, with an 
estimated output of 790,000 tons in 1946 as compaied with a produc- 
tion of 900,000 tons of synthetic rubber during the same year 
Conditions Suitable for Hevea brasiliensis The tree which yields 
most of the rubber of commerce is the Hevea brasthensis This tree 
produces best m areas having high temperatuies throughout the year, 
a well-distributed rainfall of 60 inches oi jmore annually, and a xich^, 
deep, loamy soil which is well'dramed. All attempts to glow Hevea 
brmtiensts on a commercial scale on the outer maigins of the tropical 
zone have failed, and piactically all the piesent and projected planta- 
tions are within 10° of the equator. The native rubber tiees of the 
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Amazon Valley attain their best development on the uplands drained 
by the Beni, Madre de Dios, Acre, the upper Juiua, the upper Purus, 
and parts of the southern tributanes of the Madeira and of the lower 
Amazon Likewise, plantations have succeeded better on the uplands 
than on the flood plains Feitile land should be chosen for plantations, 
and even then the soil detenoiates lathei rapidly dunng the years of 
tapping for latex 

Plantation Rubber versus Wild Rubber During recent years, prac- 
tically the entire supply of natural rubber has come from plantations, 
and the output of wild rubber has been negligible The transplanting 
of the rubber tree from the forest to the field made it possible (1) to 
reduce greatly the labor of gathering the latex, (2) to take advantage 
of the cheap and abundant labor supply of the more densely popu- 
lated parts of the tropics, (3) to locate the industry near good trans- 
portation facilities, and (4) to provide for scientific development and 
contiol of the plantations 

There are no solid stands of rubber trees in the native forests. The 
rubber gatherer must laboriously open long paths from tree to tree 
and must trudge for miles each day through mosquito-infested swamps 
to gather a few pounds of latex He spends the season m some iso- 
lated region where in case of sickness he must be his own physician 
and depend upon his own limited supplies of medicines All these 
adverse conditions have been oveicome or mitigated m the plantation 
There the trees are planted only a few steps apart, and the gatherer 
is never far from his base of operation, the foreign owners have taken 
great pains to improve the health conditions by draming the marshy 
places and by providing medical attention and hospital care, many 
of the natives are treated for hookworm and other tropical diseases, 
and, above all, the laborers who are suffering from malaria are com- 
pletely isolated from mosquitoes so that the disease may not be trans- 
mitted to others Such opeiations have paid big dividends by making 
it easy to secure laborers, by keeping them contented, and by making 
them physically fit to do a good season’s work (Fig 80) 

Fortunately the rainy low latitudes of the Far East not only sup- 
port a large population, but also they are situated close to the most 
densely populated parts of the world When the rubber planter finds 
it difficult to secure sufficient laborers locally, he can easily bring m 
workers from the overpopulated lands of India and China This situa- 
tion contrasts sharply with labor conditions in the great forests of the 
Amazon, where some of the best native rubber-growing areas are 
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almost without native peoples and aie long distances fiom a cheap and 
efficient labor supply suitable fox impoit 
The great rubbei plantations of the Onent aic conveniently situated 
near the coast and along one of the woild’s gieatcst highways, whereas 
the best wild lubbei sections of both the Congo and the Amazon 
basins are hundieds or even thousands of miles inland, and some of 
the distncts aie iemote fiom safe transportation loutes 



Fig 80 Most of the world’s supply of natural rubber is now produced m care- 
fully tended plantations where much attention is given to sanitation (Courtesy 
U S Department of Agriculture ) 


The chief aim of the lubber planter like that of the dauyman is to 
produce good milkers The need for impiovement along this line is 
indicated by the fact that in many plantations 75 per cent of the latex 
is produced from 30 per cent of the trees Many trees are not paying 
for their keep and are described as “boarders ” To impiove this condi- 
tion the scientist is indispensable The plant breeder is leplacing 
unprofitable tiees with good producers by carefully selecting seed or 
by budding from choice trees The pathologist, entomologist, and 
ecologist are also tendering greater service to the planters in their 
efforts to increase the acreage yield of latex. None of these scientists 
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can be of much seivice m improving conditions within the native 
forests 

In the years preceding World War II, more than 96 per cent of the 
world’s natural lubber output came fiom the plantations of the Orient 
(Fig 81) This emphasis on rubber production in the Orient is based 
on the abundant labor supply, favorable climatic conditions, fertile 
soils, good drainage, and excellent commercial location that the region 
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Fig 81 The export of natural rubber made a quick recovery after the close of 
World War II. Those countries that were not occupied by the Japanese military 
forces during World War II have surpassed their prewar exports Few of the 
rubber plantations were destroyed and exports of natural rubber will soon sur- 
pass the million-ton mark again, provided that there is sufficient demand 


affords It also depends on the foresight of the British and Dutch 
planters and on scientific methods of development 
Plantation Rubber versus Synthetic Rubber. Although the United 
States had produced only a small amount of synthetic rubber prior 
to 1940, this product became our primary supply of rubber during 
World War II Now we manufacture several different kinds of syn- 
thetic rubber which have special qualities planned m advance, some 
of them being far superior to natural rubber for special purposes 
Certain types of synthetic rubber are far mole resistant than the 
natural product to oil, others show greater elasticity at low tempera- 
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tures Soaked in 100-octane aiomatic gasoline, synthetic rubbei swells 
only slightly, whereas natuial rubbei swells seveial hundied pei cent 
and loses its usefulness Innci tubes made of Butyl aie as durable as 
those made of natural mbbei and hold air ten times better. 20 

Because of the numerous uses of synthetic mbbei, it will be a com- 
plement to, and also a competitoi of, natuial mbbei (Figs 81 and 82) 
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Fig 82 The world production of synthetic rubber in 1946 was approximately 

900.000 tons and surpassed the world production of natural rubbei— nppi oxnnately 

790.000 tons The relative qualities of the two products, togethci with com- 
petitive and political conditions, will determine the lclativc amounts of each 

type of rubber that will be produced in the futuic 

The lelative amounts of each produced yeaily will be determined by 
(1) the relative cost price, and (2) the relative merits of each pioduct 
for specific uses 

Outlook for Plantations. The future importance of lubbei planta- 
tions will depend upon the total world demand for rubber, and also 
upon the percentage of this demand satisfied by each type of rubber 
—natural and synthetic The success of plantation methods m the 
cultivation of the rubbei tree is no longer open to question, plantation 
lubber ranks high m both quality and quantity The Orient has a 
large percentage of land suited to the expansion of plantation agri- 
culture. Consequently, the future of natuial rubber is bright in so 
far as the advantages for production are concerned. Any shortage 
of supply of this valuable commodity is likely to be tempoiary, except 
in tames of war. 

20 Rubber from Oil, Standard Oil Company of New Jersey, New York City, 

P .24 
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Cacao 

The cacao tiee, like the rubber tree, is native of South America 
It has been transplanted to other parts of the wet equatorial leahn, 
and like rubbei it also has become a piofitable plantation crop From 
the cacao beans, which glow m pods attached directly to the trunk 
or larger branches of the tree, are made those very wholesome foods 
of commeice— cocoa and chocolate These pioducts have the exceed- 
ingly valuable property of keeping for a long time in hot, moist 



Fig 83 Major cacao-producing regions of the world 

climates without becoming lancid Even the bean after being thor- 
oughly dried will keep indefinitely, and at times it has passed as cur- 
lency m parts of South and Central Amenca just as did tobacco in 
Virginia in colonial days 

The cacao tree begins to bear in the fifth or sixth yeai, but the pods 
of such young trees aie small and scarcely repay the efforts to gather 
them The tree does not come into full bearing until it is about twelve 
years old, it continues near its prime foi twenty-five or thirty years, 
aftei which the yield begins to decline Like the acreage of other tiee 
ciops that of cacao cannot be adjusted annually to meet the changes 
m demand. As a lesult, overproduction and low puces are not un- 
common At such times, many thousand tons of fruit rot on the trees, 
especially in. plantations somewhat remote from good transportation 
facilities, where the cost of marketing the crop may be prohibitive 
when the price of cacao is low. 

Environmental Requirements Exacting. The* cacao tree requires 
constantly high t empe ratures and an abundance of moisture The tree 
can survive the cool temperatures of the poleward margins of the 



198 


THE RAINY LOW-LATITUDE REGIONS 


torud zone, yet it does not bear well in these highei latitudes, and 
consequently most of the commercial ciop is giown within 12° of the 
equator. The tree does not flourish where the temperature falls below 
60° P , yet it suffers from exposure to the direct rays of the sun, and 
hence is giown mostly in the shade of othei tiees Much moisture and 
a deep, fertile soil aie essential to a good yield Thus most of the 



Fin 84 Drying cacao at Nsawam, Gold Coast Colony (Courtesy U S Depart- 
ment of Agriculture, photograph by Justus A C Holm ) 


plantations are on coastal plains or liver-bottom land Desiccating 
winds reduce the yield, and strong winds injure the pods It is neces- 
sary, as a result, to restrict commercial plantations to the belt of 
equatorial calms or to valleys which aie protected from the winds 
Clearings m the tropical forest afford the best situations, as the forest 
acts as a windbreak (Fig 83). 

Gtowth of the Industry Although cacao was introduced into 
Europe about 1520, its production at that time was a Spanish monop- 
oly, and only the wealthy could affoid to use it. As late as 1806, 
Humboldt estimated the entire European, consumption at less than 
12,000 tons By 1935-1939, the average annual world production had 
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reached 701,000 tons. During World War II the production de- 
creased markedly owing to transportation problems and to the fact 
that much of Europe was cut off from the sources of supply 
In normal times the United States leads the woild as a consumer 
of cacao, with more than 40 pei cent of the world’s annual crop 
coming to our shoies The countries of noithwest Europe take most 
of the lemamdei 



Fig 85 Loading cacao at the beach, Accra, Gold Coast Colony Here labor is 
cheap and abundant (Courtesy U S Department of Agriculture, photograph bv 

Justus A C Holm ) 


The rapid increase in the use of cacao is due to a number of factors, 
among the most prominent of which are (1) economic production in 
plantations, making it possible to reduce the retail price to such an 
extent that it is within the means of the poorer classes, (2) an increase 
in the purchasing power of the masses, (3) a more general recognition 
of the value of cacao as a food, and (4) improvement of methods of 
preparation by which it is adapted to the wants of the different classes 
of consumers The introduction of the cacao tree into west Africa 
and neighboring islands wheie labor is plentiful and cheap was another 
stimulus to the industry (Figs 84, 85, and 86) The rapid increase 
in the consumption of cacao products within the United States came 
with the introduction of the soda fountain m the 1880’s 
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Fig 86. Plucking cacao pods from the cocoa trees, Gold Coast Colony (Cour- 
tesy U S Department of Agriculture, photograph by Justus A. C Holm ) 


EXPORT OF CACAO BEANS BY COUNTRIES 

1944- 1946 mUHDS 
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Fig 87. International trade in cacao dropped from an average of 1,5S4,000,000 
pounds for 1935—1939 to 870,000,000 pounds in 1942 However the cacao planta- 
tions were not destroyed and, by 1946, trade m the beans had reached almost the 
prewar level The export for 1946 was 1,431,000,000 pounds (Courtesy U. S 
Department of Agriculture) 
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Native versus Foreign Plantation. Most of the cacao crop of South 
America is grown on large plantations owned and managed by for- 
eigners This condition exists especially in Ecuador, where the ha- 



cienda of 300,000 trees is the ordinary size and there are at least two 
plantations with more than 2,000,000 trees each The small plantation 
owned and operated by the native is the exception. In west Africa 
the method of production is quite different. There the British have 
encouraged the natives to develop their own plantations, which vary 
in size from a fiaction of an acre to many acies The industry has 
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spread to all paits of west Africa that aie suited to cacao and that have 
transportation facilities permitting profitable expoit Since the in- 
troduction of cacao, the forests of the Gold Coast have been honey- 
combed with faims, which aie continually expanding Heie the na- 
tives glow nee, coin, bananas, and othei ciops foi food, and cacao as 
a money ciop This method of pioceduie encourages genuine de- 
velopment rather than exploitation, and is a fai -sighted policy That 
it has been a commercial success may be strikingly illustrated by the 
fact that, m 1905, the world production of law cacao was 141,000 
tons, of which the British Empire produced 23 pei cent, m 1946, the 
world production was 717,000 tons, more than two-thirds of which 
was giown on Bntish soil (Figs 87 and 88) 

Tropical Oils 

The Coconut 

One of the most valuable tiees of the tropics is the coconut palm 
This tiee is not limited to the legions of the lain foiest, but because 
of its importance m this realm it is considered heie Although it giew 
wild ovei extensive aieas, its suitability as a ciop for cultivation was 
recognized by the natives long befoie its fiuit became a staple of 
world commerce According to an East Indian pioveib, “He who 
plants a coconut palm provides food, clothing, shelter, and medicine 
for himself and a long line of posterity aftei him ” Today the shores 
of tropical seas throughout the world are lined with groves of coco- 
nut trees, which play an indispensable role in the domestic economy 
of the natives (Fig 89) The trunk of the tiee is used, at times, for 
construction puiposes, the leaves aie needed as thatch for the native 
houses; the coconut oil is used both as food and m the manufacture 
of soap, the meat of the nut is a valuable food, from the milk is made 
a wholesome drink, and also an intoxicating one, from the shell are 
made household utensils such as spoons, bowls, and dishes, and from 
the fibious covering suriounding the shell are manufactured rope and 
mats. Some 10,000,000 gallons of beverages made from coconut milk 
are consumed annually in the Philippine Islands alone. The local 
importance of the coconut as a human subsistence ciop is indicated 
by the large consumption in Java. Although the Javanese export from 
60,000 to 150,000 tons of copra and coconut oil annually, it is esti- 
mated that about as much is used at home— an amount equal to 4 to 
10 pounds per capita. 
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Fig 89 (a) A coconut plantation, (6) coconuts being cut open and spread m 

the sun to dry (manufacture of copra) , (c) floating coconut rafts to market, and 
[d) coconut seedlings being grown for transplanting 
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The Coconut as a Commercial Crop. About the middle of the last 
century, when Europeans were beginning to manufacture soap in 
laige quantities, attention was duected to the possibilities of using 
vegetable oils as well as animal fats. One of the cheapest and most 
available of these is found m the fiuit of the coconut palm glowing 
m lelative abundance on tiopical shores within easy leach of trading 
vessels Euiopean tiadeis began to lange the tiopical seas buying 
copra— the dried meat of the coconut— fiom the natives and encouiag- 
m g the production of additional supplies The coconut soon became 
a standard money ciop and has held an important position in native 
plantation agnculture ever since 

Prior to Woild War II, the total annual production of coconuts m 
terms of copra probably exceeded 3,000,000 tons Approximately 
two-fifths of the crop was consumed within the pioducmg countries 
Most of the remaindei was exported to Euiope and the United States 

The United States noinially ranks first among the nations of the 
woild both in the nnpoitation and in the use of coconut products 
In prospeious peace yeais, nearly 500,000 tons of copia are required 
to supply enough coconut oil to meet our needs. Pait of this supply 
is imported in the foim of copia and part as oil 

The most important use of coconut oil is m the manufacture of 
soap. Of almost equal importance is its utilization m the maigarme 
industry In a numbei of European countries, where millions of peo- 
ple are too poor to buy butter, coconut oil is the mainstay of this m- 
dustiy, and it is of increasing importance in the manufacture of mai- 
ganne in the United States This nutritious and palatable, but cheap, 
butter substitute finds, therefore, a leady market The copra cake, 
which remains after the oil is pressed out, is an excellent feed for 
dairy cows and othei livestock So important has copra become to 
the industrial nations of the temperate zone that more than 1,500,000 
tons enter commerce annually (Fig 90) 

The most extensive coconut plantations are situated in the Philip- 
pine Islands, the East Indies, Malaya, and Ceylon, and these areas sup- 
ply the major share of the copra Which enters world trade. The 
supremacy of the Far East m coconut growing is largely a result of 
cheap and efficient labor Otherwise this area is in no way superior 
to parts of Afnca, South and Central America, and the West Indies, 
where millions of acres well suited to coconut cultivation now lie idle 

The native coconut industry is now advancing into the manufactur- 
ing stage, but, as is common within the tropics, the new development 
is the result of initiative and energy transferred from the temperate 
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zone During World Wai I, fats and oils were greatly needed in 
Europe Partly m lesponse to the cheap local labor supply and partly 
because shipping space was at a premium, a numbei of oil mills were 
erected in the leading copra-assembhng centers of the Far East By 
the end of the wai the oil-piessing business was well established, and 
consideiable quantities of coconut oil, soap, glycerine, and other man- 
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After Woild Wai I theie was a revival of the oil-piessing industry 
in western Euiope, and as a result the demand for copra in Eng- 
land, Holland, France, and Germany became so gieat that many of 
the mills of the East Indies had to close down The possibility of suc- 
cessfully promoting manufacturing in the wet tropics, except in a 
veiy modest way, is still open to question. 

After 1942, when the Japanese militaiy foices occupied the most 
important coconut-producing regions of the woild, international trade 
m coconut pioducts dwindled to a tiiclde and puces soaied This 
interiuption of the expoit of coconut pioducts caused most of the 
world to suffer a ^eveie shortage of fats and oils, while soap and 
butter substitutes were scarce Relatively few coconut plantations 
weie destroyed and the tiade in copra and coconut oil has recovered 
rapidly. 

Oil Palm 

The oi l p alm is a native of jiunnd, tiopical Africa Its fruit is 
highly valued both locally and by" the * industrial world Fiom the 
fleshy pencarp sunoundmg the kernels is obtained palm oil used 
locally for food, foi lighting lamps, and foi smeaung on the body as 
protection against hot winds and insects It is expoitcd largely for 
the manufacture of soap and candles From the kernel is made a 
higher-grade oil, palm-kernel oil, used piunanly in the manufacture 
of margarine From the stem of the fruit a pleasant and intoxicating 
palm wine is extracted The trunk and leaves aie used m building 
houses, the fiber, left after the oil has been extiacted from the fruit, 
is mixed with clay and used as plaster, and the heart of the tiee top 
furnishes a vegetable appetizing to the Euiopean palate 
Distribution of Palm-Oil Production. Until 1920, the entile supply 
of commercial oil-palm products came from the lain forests of west 
Africa, and in 1938, Nigeria produced approximately one-half of the 
world’s supply of oil-palm products. The palm-oil belt of Nigeria 
lies in the region of heavy lamfall (50 to 70 inches), just back of 
the coastal swamp on well-drained soils 
The oil-palm industry is now developing, just as civilization has 
done, from the hunting stage to the agricultural, and the latter is 
decisively winning the palm-oil and palm-kernel trade The agri- 
cultural stage of development was hastened by the recent increase 
in demands for fats, During World War I the shortage of animal 
fats accentuated the need for substitutes The alert Dutch and British 
planters, just beginning to realize large piofits from rubber planta- 
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tions, seized this opportunity to experiment with the oil palm as a 
plantation ciop The results were so encouraging that, by January 
1938, appioximately 203,000 acies had been planted in Java and 72,143 
acres in Malaya In the Far East careful attention had been given to 
tiees that give a high yield of oil rather than of palm kernels By 
careful production a high quality of palm oil is prepared which is 
able to compete in the market for edible oils Production of palm oil 
fiom these plantations rose rapidly so that, by 1937, the Netherlands 
East Indies ranked first among the palm-oil producing and exporting 
nations of the world, as shown by the table The exports of palm 

Estimated Palm-Oil and Palm-Kernel Exports from Major Primary Producing 


Countries, 

1937 




Militant of pounds 



Palm 

Palm 

Oil content 

Country 

otl 

kernels 

of kernels 

Netherlands Fast Indies 

434 

91 

41 

Nigeria 

322 

753 

339 

Belgian Congo 

152 

211 

95 

Malaj a 

96 

16 

7 

French West Africa 

44 

180 

81 

Others 

62 

379 

171 


oil from the Netherlands East Indies and from Malaya were cut off 
during Woild War II or were deflected to Japan 
Plantation versus Native Oil-Palm Industry. The conditions under 
which the oil-palm industry is conducted in west Africa are m sharp 
contrast to those existing in the plantations of the Onent. The oil- 
palm industry of west Africa remains largely in the wild state or in 
small plantations After a few hundred nuts are gathered they are 
laboriously transported on the heads of natives to the factories or to 
neighboring streams to be floated to factories The oils are extracted 
by crude processes and sold to local merchants for export As the 
oil is accumulated in small quantities from day to day, part of it be- 
comes rancid before a sufficient quantity has been collected for export. 
Thus conditions in the native forest make for expensive and low-grade 
oils In the better plantations, on the other hand, the palms are grown 
fiom carefully selected seed and the fruit is correspondingly of a 
high grade The plantations are cultivated and kept clean The palms, 
thus relieved of the necessity to struggle for light and air with com- 
peting vegetation, do not grow to great heights and the fruit is easily 
gathered It is then transported by light rail or truck to modem mills 
where it is utilized while fresh and wholesome Moreover, a larger 
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peicentage of the oil is recoveied than by the native mills Finally, 
the plantation is under scientific supervision, and an adequate supply 
of cheap and efficient Chinese laboi is available 21 Undei such favoi- 
able conditions it seems inevitable that the plantation will soonci 01 
later supplant the foiest as the puncipal souicc of commeicial oil- 
palm pioducts These plantations may m the futuie be laigely native 
owned just as cacao plantations aie In order to encourage native 
planteis the Bntish aie piepaung to build modern nulls at various 
places m west Afuca. At first these nulls will need to be supplied 
with nuts from the foiests, but with good and tellable markets close 
at hand the natives will probably plant tiees from yeai to year Even 
though these native plantations be small, many consisting of only a few 
trees, it is believed that they will soon amount, in the aggiegate, to 
many thousand acres This is a sound method of development and 
is growing very rapidly in both Africa and the East Indies 

Banana 

The banana is not wholly a product of the rain forest. Some 
bananas are grown in the West Indies, along the west coast of India, 
and in other parts of the low-latitude wet-and-dry lealm which is 
to be studied in Chapter 7 Since, however, more than 90 per cent of 
the world’s banana crop is grown within the rainy low-latitude realm, 
the industry is studied here. 

There are about seventy species of bananas. Some of these are 
known as plantains and are seldom eaten law In general, plantain 
constitutes one of the chief foods of the natives who live in the humid 
tropics To the tiopical natives this food is a substitute for the po- 
tatoes and bread that are consumed m such great quantities by the 
peoples of middle-latitude regions. Plantains aie not in demand wheie 
potatoes are available 

Commercially, the most important of all species of bananas is the 
Musa sapientum, a large, smooth, yellow fruit of excellent flavoi 
Most of the bananas sold in the United States aie produced from one 
of these species known as “Gros Michel” or “big mike.” Anothei 
well-known banana is giown from the led Jamaica species 

The use of the banana as a food for man is far older than human 
history. The earliest home of the banana is piesumed to have been 

81 The palm-producing districts are infested by the tsetse fly, which, together 
with the absence of fodder grasses, precludes the use of animals for transport. 
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m the humid tiopical regions of southeastern Asia, where the armies 
of Alexander the Gieat found the fruit abundant in 327 b c Fortu- 
nately, the banana roots may be carried long distances and transplanted 
successfully even though the roots are left dry and given but little 
care This fact made it possible foi the slow-moving sailing vessel to 
cairy the plant to all parts of the wet tropics foi transplanting 

It is believed that the banana was established on the east coast of 
Africa by the traders who ciossed the Indian Ocean during the first 
few centuries of the Chnstian era With their traffic m ivory and 
slaves, the Arabs gradually carried the fruit from tribe to tribe across 
equatorial Africa to the Guinea Coast 

This valuable plant was probably carried acioss the Atlantic Ocean 
by a missionary about ad 1516, only a few years after the discovery 
of Ameiica The fruit, in all probability, had never been cultivated 
m America, as is indicated by the fact that the ancient Indian tribes 
of the western hemisphere had no word for the fruit, nor did they 
leave among their records any pictures of it or references to it 

By the end of the sixteenth century the banana was being produced 
in practically all parts of the wet tropics and becoming one of the 
staple foods of the natives The commercial development of the 
banana industry was delayed for two more centuries because of the 
perishable nature of the fiuit and the slow methods of early transpor- 
tation 

A few small cargoes of bananas reached the United States during 
the first half of the nineteenth centuiy, and by 1885 the banana 
schooner was making fiequent trips between Jamaica and Boston But 
the large-scale development of the industry had to await the coming 
of the refrigerated ship. 

Commercial Banana Production. The production and marketing of 
bananas constitute one of the most highly organized industries in the 
world. First a suitable region for banana culture must be found 
Such a region should contain large aieas of relatively level land, the 
soil should be deep and fertile, so that bountiful crops may be grown 
and lemoved year after year foi a considerable period of time without 
the addition of commercial fertilizers. The climatic requirements for 
banana production are exacting The temperatures should be high 
both day and night, the atmosphere should be humid, and a heayy_ 
rainfall well distributed thioughout the year is essential The loca- 
tion for the development of a banana plantation must also be given 
careful consideration Ease of access to a good larbor is an absolute 
necessity in order that the fruit may be quickly maiketed 
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The selection of a suitable envnonment is only one of the many 
problems that must be solved by the successful commercial banana 
pioducer. An area suitable for banana cultuie may be exceedingly 
unhealthful foi man As a consequence, all banana-pioducmg com- 
panies must struggle continuously to impiove samtaiy conditions foi 
the laboiers The tasks of dealing the jungle, diaimng swamps, and 
conti oiling diseases keep enginceis, doctois, and nuiscs always on the 
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Fig 91 Most of the world’s commercial bananas are noimally produced m the 
countries bordering the Caribbean Sea and m Brazil, tropical west Africa, and 
the Canary Islands The industry was disrupted by Wmld War II and in some 
areas had scarcely revived in 1946 


Since ripe bananas aie penshable products they must be marketed 
quickly This task necessitates the coordination of every opeiation 
of producing, gathering, tianspoitmg, and maiketmg the fiuit m order 
that it may reach the consumer in a good state of preservation 
All things consideied, the finest aieas m the world foi the large- 
scale commercial production of bananas aie found m the lowlands 
bordering the Caiibbean Sea, along the West coast of central Africa, 
and in the Canary Islands (Fig. 91) The west coast of Africa is rela- 
tively close to the European banana maiket which was growing rapidly 
prior to World War II Consequently, African exports jumped from 
a few thousand bunches m 1934 to approximately 10,000,000 bunches 
in 1939 World War II practically destroyed this trade and it had 
not yet recovered to any considerable extent in 1946 
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The Brazilian trade in bananas also increased rapidly between the 
two world wars In 1924 Brazil exported only 3,879,000 bunches of 
bananas However, by 1939 the exports had jumped to more than 
12,000,000 bunches World War II practically destroyed this trade, 
but improvement in ocean transportation since the v ar has stimulated 
the industiy once moie By 1946 the exports exceeded 5,000,000 



Fig 92 A close-up view of a banana plantation (Courtesy United Fruit Co ) 


bunches and the acreage given to bananas along the eastern ‘coast of 
Brazil was increasing rapidly Bananas are also grown in Queensland, 
Australia, and some of them are marketed m Sydney and Melbourne 
Java ships limited quantities to western Australia, and the Fiji Islands 
export the fruit in a small way to New Zealand 
Banana plants differ greatly m size and in yield Those growing in 
rich river-bottom land, where the rainfall is heavy and the tempera- 
tures normally above 75 ° F,, may reach heights of more than 30 feet 
Such plants are grown in the best lands along the east coast of Central 
America. The average height of banana plants grown on the east 
coast of Central America is from 18 to 25 feet, but in Cuba, with its 
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cooler wmteis, the normal height of the plant is only 12 to 1? feet 
Likewise the heaviest and best frmt comes from Cential America, 
most of the frmt giown m Cuba is hghtei and less valuable 

Ideal Conditions for Banana Culture. The Atlantic Coast of Cen- 
tial Amenca has some of the finest land for banana culture to be 
found anywheie In this legion, extending a few miles back fiom the 
Caribbean Sea, lies a fertile coastal stup with an elevation of less than 
250 feet. Here both days and nights are hot, the air is humid, and 
the annual lamfall is 60 to 120 inches or even more This land, which 
was once a tropical jungle of the densest kind, has now been trans- 
formed into the greatest banana-growing legion of the world (Fig 
92) 

THE RAINY LOW LATITUDES AS A HOME OP THE WHITE RACE 

“The white man in the tropics” is a story filled with tragedy A 
French foice of 25,000 men in Santo Domingo was reduced to 3,000 
in a single yearlryTie Tiiifciges of yellow fever, raihoa d construction 
in certain of the lowlands of Costa Rica cost a human hfePfor eveiy 
rail, an English settlement in Siena Leone was almost annihilated by 
disease in 1787, and the Fiench were fiustiated in their attempt to 
build a Panama Canal through the toll of life taken by malana and 
yellow fever The list of deaths, failuies, and blighted enterprises 
might be extended indefinitely, but it is sufficient to note that seveial 
centuries of effort to colonize the lamy low latitudes have failed to 
produce a healthy third generation of whites within these regions 
Europeans have been able to direct the natives in the exploitation of 
these hot, wet lands, but they have not succeeded as settlers, capable 
of cairymg on the development by themselves 

Medieal science has done much to overcome this terrible situation 
Malaria, yellow fever, choleia, dysentery, plague, and beriberi may 
m time be blotted out, as science has discovered their causes and has 
provided the means of combating them with success Malaria still 
takes a toll, however, of approximately 2,000,000 lives each year This 
is only a small part of the loss, for as a rule it does not kill its victims 
quickly but saps their vitality and reduces their productive capacity 
The fight against malaria is difficult and expensive, for the germ is 
carried by anopheles mosquitoes which are difficult to eradicate. 

Tropical dysentery and hookworm, common to warm, hot lands, 
sap the vitality "of the vast majority of the natives These diseases 
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breed m human filth and impure water and may be avoided through 
hygienic modes of living It is difficult to teach the ignorant and 
careless natives to take these precautions, and disease spreads as much 
because of neglect as because of climate 

These diseases, though not highly fatal, result in a weakening of 
the victims which is responsible for the loss of will power, intemper- 
ance, and general physical and moial degeneration It is not uncom- 
mon foi three-fouiths of the laborers of a community to be con- 
stantly ill with one of these maladies, and the drain is a frightful handi- 
cap to the progress of any community 

Many other handicaps, only indirectly 1 elated to climate, such as 
the abundant multiplication of microorganisms with their attendant 
evils of disease for both plants and animals, tendencies towards both 
physical debilitation and moral lapse, the distaste for physical exer- 
cise, and difficulty of obtaining a correct and balanced diet make 
normal and healthy living among the whites in the tropics a difficult 
problem Most of these handicaps are subject to correction, yet, like 
tropical diseases, they are very real problems to white settlers and 
cannot be lightly dismissed 

If, however, sanitation is made comparable to that of the temperate 
zone, and if othei indirect handicaps are overcome, there soil re- 
mains the direct influence of tropical sun, heat, and humidity, which 
acts upon the white man’s body and moie particularly his nervous 
system in such a detrimental way as to bring about a debilitated 
neurasthenic condition Thus the white man is confronted with dif- 
ficult problems in every attempt to subdue the rainy low-latitude re- 
gions and to make them suitable for his permanent abode. 

It appears that if the white man succeeds in makmg these wet, hot 
lands' suitable as a' permanent home he must regulate temperatures as 
well as sanitation There is little hope that this can be done on a 
large scale. However, certain regions have an abundance of water 
power, and it may not be mere fancy to hope that some day the w ell- 
to-do faimei of the tropics may cool his home as easily as the farmer 
of the intermediate zone heats his If the farmer could thus provide 
for himself a place of comfort where he could find relief fiom the 
tropical heat for 12 01 15 hours out of every 24 he might be able to 
endure the climate more successfully After the several factors are 
considered, however, there seems to be little hope for a rapid and 
economic development of the rainy low-latitude legions by the white 
race. Small aieas will undoubtedly be utilized more fully to raise 
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rubber, cacao, palm oil, and other products most urgently needed by 
the industrial world, but the natives will continue to do the manual 
laboi 
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Chapter 6 


TROPICAL AND SEMI-TROPICAL 
ISLANDS OF THE PACIFIC 

THE SOUTH SEA ISLANDS AND PEOPLES 

When Vasco Nunez de Balboa first beheld the vast body of watei 
now called the Pacific Ocean, he was looking south from a hilltop 
in Darien (the Isthmus of Panama), and he called the ocean the 
South Sea During the last few decades, the terms “South Sea,” 
“South Sea Islands,” and “South Sea Peoples” have been popularized 
in pictures and in writings by portraying peoples and places located 
within the tropical and semi-tropical portions of the Pacific Ocean, 
Today the term “South Sea Islands”, is loosely and indefinitely used 
to connote the thousands of tiopical and senn-tioplcal islands of the 
Pacific Ocean 1 (Fig 93) These "islands do not all He within the 
rainy low latitudes, but thioughout the legion theie is a degree of 
unity m the ways of life that transcends climatic boundanes 

Climate 

The Pacific Islands situated within the tiopics have mean annual 
temperatures ranging betwee n 5° F . an d 84° E._ Aveiage maximum 
temperatures above 90° F are rare, "'The highest recorded temperature 

a The East Indies and the Philippine Islands have been discussed in Chapter S 
since the climate of these islands is for the most part that of the ramy low- 
latitude regions The climate of many of the other islands of the Pacific do 
not fit the climatic pattern of the rainy low latitudes Consequently the authors 
have chosen to give a separate chapter to those islands. No one has as yet given 
a satisfactory climatic classification of the islands of the Pacific Some of the 
small islands, even those close to the equator, receive less than 10 inches of 
rainfall during dry years This certainly represents desert conditions m such a 
hot region, The same islands may receive almost or quite 100 inches during 
wet years 
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is 106° F on Christmas Island which lies 105 nautical miles north of 
the equator 

Rainfall is the most vanablc factor in the climate of this legion 
Not' only 'does this vary from island to island, but on any one island 
it varies from year to year On Fanning Island the annual lainfall 
varies fiom 47 4 inches to 208 8 inches, on Malden Island the precipita- 
tion has langed between 3 94 inches and 93 59 inches J The rainfall 
on other tropical islands, especially the smaller ones without much 
relief, is exceedingly unreliable 

Land Uses 

Coral A tolls. On many of the islands of the South Sea, nature was 
miseily with her gifts to man 8 This is especially true of the coral 
atolls— coral reefs which surround a lagoon and form a ring-shaped 
island or “necklace of islands ” Life on an atoll is a constant struggle 
with natuie for a bare existence Consisting mainly of solid rock 
with coial sand on top, the Pacific atoll supports little vegetation other 
than the coconut and pandanus trees A few coarse edible tubers 
can be grown by digging pits in the rock and filling them with coco- 
nut leaves and other vegetable matter whose decay makes soil. The 
“rest of the food supply comes from the sea In yeais of drought 
when the coconut supply is less than normal, the natives must de- 
pend primarily on the fish they catch, and they live perilously near 
the border line of starvation. 

The inhabitants of the coral atolls suffer many privations because 
of tropical cyclones Sometimes the sea sweeps entirely across a 
small islet The rushing waters clean out the vegetation, and winds 
may destroy not only the coconut crop but also the tiees A few 
stumps of trees mark the location of former coconut plantations 

Many of the lagoons of coral atolls are deep and provide shelter 
for ships of both the navy and the merchant marine The Marshall 
Islands are excellent examples of atolls (Fig 94) The lagoons vary 
greatly in size, those of the larger atolls are 20 to 30 miles long and 
10 to 20 miles wide Kwajalein Lagoon measures more than <50 miles 

8 Edward H Bryan, American Polynesia and the Hawaiian Chain, Tongg Pub- 
lishing Co, 1942 This book gives an excellent description of many of the 
islands of the Pacific 

8 Coral atolls and coral islands consist of an accumulation of the limy remains 
of plants and animals (mostly coral polyp) cemented into limestone 



THE SOUTH SEA ISLANDS AND PEO PLES 


239 



A j 1 

g W 

c> 

E.N1WET0K 

'"H&IK1NI / 

cy o 

ts 

^ 

LAE 

_ — 1l , 

& 

ts 

^ WOTJE 
WAJALEIN ^ 

MM.0tLX^> 

« . 

MARSHAL 

SCALE 1/9 

L ISLANDS 

5 00,000 , 

^ » 

C? MAJua .0 , 

, ' 

0 JAUHT C 

9 ^ MtUt 

ft » ill 


Fig 94 The Marshall Islands consist of many atolls The lagoons of many of 
these islands are deep and afford excellent harbors for ships 



Fig 9J Many of the lagoons of coral atolls are deep and are capable of providing 
shelter for ships of both the navy and the merchant marine Kwajalem Lagoon 
is more than sixty miles long and could shelter all the navies of the world 
Saipan also provides spacious shelter for ships 
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in length (Fig. 95), and could shelter all the navies of the world 
Although the Marshall Islands aie scatteied over 375,000 squaie miles 
of ocean, their total land aiea is only 75 squaie miles 

Coral Islands. Sometimes the lagoons of atolls become filled with 
coral and form coral islands of considerable size Land uses on coral 
islands differ greatly fiom one to another depending piimaiily on 
(1) the age of the island and the resultant depth to which the rock 
has weathered into soil, (2) the climate, and (3) the location with 
respect to other populated areas and the lesultant opportunities foi 
trade On many coral islands soil is almost non-existent and the agri- 
cultural development is equally scant; on other islands the coral forma- 
tion has weathered to considerable depth forming soils of moderate 
fertility On many islands the rainfall is too light oi unreliable to 
afford much opportunity for agricultural development, on other islands 
the lainfall is abundant and fauly reliable 

Okinawa Shima, the largest of the Ryukyu Islands (Fig 93), repre- 
sents one of the best of the coial islands for land use when location, 
soil,' and climate are all considered.* Okinawa is about 60 miles long 
and from 3 to 8 miles wide It is roughly equidistant (350 miles) from 
Formosa, the coast of China, and the southern coast of Kyushu, and 
it is located m the midst of hundreds of smaller islands. Its position 
has encouraged the development of tiade which foi thousands of 
years has been earned oil with neighboring peoples The strategic 
advantages and disadvantages of this island were lepeatedlynllustrated 
during the war with Japan 

Approximately one-third o f Qlu na-ffa_has relatively gentle slopes 
suited to cultivation, the rainfall approximates 80~mcligs annually and 
is fairly well distributed throughout the year, and the glowing season 
lasts all the year Agriculture represents the main industry of the 
island. The main agricultural crops are sweet potatoes, lice, beans, 
and many green vegetables Fiuits aie not plentiful but a few sour 
oranges, small bananas, papayas, and peaches aie grown Hogs, 
chickens, and ducks are found on almost every farm.” 

Volcanic Islands.. Nature has distributed her most bountiful gifts 
of the South Sea to the volcanic islands Their ferti le', soils y ield 

4 Okinawa was built by both volcanic and coralline actions but its origin is 
primarily coralline. 

'Paul E Sterner, “Okinawa and Its People," Scientific Monthly, March 1947, 
pp. 233-241. This is an excellent scientific article on the uses of the land in 
Okinawa 
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abundantly (The taio, yam, manioc (cassava), sweet potato, and 
breadfruit all yield well.) Bananas, citrus fruits, pineapples, sugar cane, 
rice, coffee, cacao, and rubber are produced both for home consump- 
tion and also for export wherever climatic conditions permit. Some 
of the islands are capped with volcanic mountains that are remark- 
able for their giand and picturesque scenery, for their beautiful 
forest-clad slopes, and foi then fertile mountain-side faims 
The Hawaiian and Fiji islands are representative of volcanic islands 
at their best Both groups lie m about the same latitudes— one north 
latitude, the othei south Both have been built up by the outpourings 
of volcanic lava on submarine platfoims of the Pacific In the Fiji 
group, part of the base lies above sea level 
The territory of Hawaii The Hawaiian Islands have aptly been 
called “the crossroads of the Pacific ” They lie on the most impor- 
tant route of steamers plying between the Orient and the west coast 
of North and South America They have also become a major link 
m the air transport across the Pacific 
The combined area of the Hawaiian Islands is slightly more than 
<5,000 square gules The island chain extends about 400 miles in a 
'northwesPsoutheast direction, and the larger islands— Hawaii, Maui, 
Oahu, a nd Kauai— lie within the tropics. Most of these islands possess 
(1) sandy beaches that make excellent playgrounds and attract tour- 
ists; (2) coastal plains, eroded lava plateaus, and hilly lava slopes that 
make excellent farm land, and (3) high mountains that are noted for 
their scenic beauty Mark Twain once said, “The Hawaiian Islands 
are the lovehest fleet of islands anchored m any ocean ” 

Both the climate and the soils of Hawaii favor remarkable pro- 
ductivity. The climate of Hawaii is largely a product of its location 
in a warm tropical sea and in the belt of northeast trades Freezing 
temperatures m the lowlands are unknown The areal distribution of 
rainfall is largely determined by the degree of exposure of each area 
to the trade winds The northeast (windward) slopes receive 100 to 
300 inches annually, 6 wheieas the southwest (leeward) slopes may 
receive only 10 to 20 inches (Honolulu receives 25.4 inches) 

Most of the soils have been derived from volcanic lavas which 
weathei easily and quickly The soils are fertile and well suited for 
agricultural use. 

Since the islands have been built up by the outpourings of volcanic 
“The average annual rainfall at Waialeale, Kauai, is 47 6 inches 
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lavas, the laiger islands have a variety of relief featuics such as sandy 
beaches, coastal plains, hills, mountains, and plateaus 

Prior to their discovery by Cook m 1778, the Hawaiian Islands 
were inhabited by Polynesian tribes who lived piimauly by agricul- 
ture and fishing Commerce and industiy other than hand manu- 
facture played no pait in their lives In 1876 the United States re- 
moved all tauff on Hawaiian products aftei which American capital 
began to flow into the islands foi the development of agricultuie, in- 
dustry, and commerce 

Today the commercial activities of the Hawaiian Islands are domi- 
nated by agricultural products together with the manufacture and 
trade dependent upon them The agriculture of Hawaii has been 
almost completely commercialized The three major crops (sugar 
cane, pineapples, and coffee), giown almost wholly foi export, occupy 
more than 95 pel cent of the cultivated land as indicated by the table 

Principal Crops or Hawaii * 


Product 

Acres 

Thousands of 
pounds 

Sugar cane 

84,379 

680 073 

Pineapples 

48,598 

1,228,000 

Coffee 

4,136 

8,547 

Corn 

1,682 

1,632 

Taro 

622 

S80 

Rice 

509 

1,901 

Potatoes, white 

487 

1,991 

Sweet potatoes, yams 

180 

927 


* Data are for 1940 for all crops except sugar cane and sugar Data for sugar cane and 
sugar are for 1946 

Sugar cane, the leading crop, produces abundantly on the lich vol- 
canic soil, chiefly by irrigation The frost-free climate is suited to 
sugar cane which requires a growing season of 15 to 24 months, de- 
pending on the elevation and, consequently, on the tempeiatures of the 
area under cultivation 

The rugged topography of the islands has necessitated extensive 
engineering construction works in developing plantations, in irrigating 
and terracing the land, and m providing essential transportation 
facilities 

Most of the sugar cane is grown on great estates owned by large 
companies, As a result of the inadequate supply of native workers, 
many laborers have been imported from vaiious parts of the Orient 
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Much of the cane is processed in Hawaii by the use of American-made 
machinery and with the help of American technicians The sugar is 
then shipped duty-free to the United States 
The Hawaiian Islands, chiefly Oahu, rank first among the regions 
of the world m the production of pineapples The fruit is grown 
chiefly on large estates and is canned locally in laige canneries Most 



• Fig 96. Pineapple fields near Wheeler, Oahu (Permission U S Navy) 


of the product is sent to the Umted States where, like Hawaiian sugar, 
it is permitted to enter duty-free (Figs. 96 and 97) 

Bananas and coffee are also important commercial crops Rice, taro 
(a root crop), bananas, guava, and papaya constitute important sub- 
sistence crops, and alfalfa is grown as feed for beef and dairy cattle. 
The Fiji Islands These islands are a part of the British Empire 
The fertile soil, mild climate, and moderate rainfall of approximately 
SO inches (heavier on the windward side of highlands) are natural 
conditions which favor agricultural development Sugar cane is the 
dominant crop, but coconuts and a great variety of tropical fruits and 
vegetables do well on these islands 
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Life in the South Pacific Islands is sometimes pictured as one long 
holiday This picture no longer fits the facts. The science, skill, 
woiry, and work of the industrial woild is being intioduced, and the 
ancient customs, manneis, handiciafts, supeistitions, and caiefiee life 
ate being tluust aside 



Fig, 97. Lanai City, Hawaii This city is suriounded by pineapple fields and is 
supported by the pineapple industry 


Mineral Production of the South Sea Islands 

Phosphate rock derived from guano deposits is widespread. Nauru, 
a small island of only 5,(500 acres, has yielded phosphate for many 
decades. Ocean Island, one-third as laige as Nauru, yields phosphate 
ore that is 88 pei cent pure and is believed to be the richest phosphate 
ever mined. Several other islands of the South Sea contain large 
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reserves of this valuable mineral plant food The islands that are 
formed wholly or in part from the remnants of old continental land 
masses contain rich metal deposits, such as nickel in New Caledonia 
and gold in New Guinea and the Fiji group 

Cultures of the South Sea 

Incongruity of the ancient and modem cultures existing side by side 
is appaient almost eveiywheie in the South Sea Islands today. Na- 
tives girt only with loin cloths and smartly tailored natives or Euro- 
peans dressed in the latest western fashion are encountered side by 
side on hundreds of islands. The throw-net fisherman still plies his 
art in competition with the most modem fishing boats and equip- 
ment. The airplane, steamboat, modern canneries, sugar-cane mills, 
and other factories are being thrust into the very midst of peoples 
who still piactice their traditions, arts, and skills of centuries ago, and 
whose cultuie still retains much of the tiaditional atmosphere of the 
South Sea as it has been so vividly portrayed m pictuies and literature. 

The civilization of the Occident and the Orient have come to stay 
in the South Sea Islands The peoples of the western world now 
own much property and many homes in these islands Basically the 
American civilization has all but engulfed the native way of life in 
the Hawaiian Islands Superficially many signs of the Hawaiian 
civilization still survive Some of the customs, manners, and clothing 
of the Hawaiian civilization are retained as an attraction to tourists 
However, the Island of Oahu with its great business houses, mills, 
canneries, and modem agricultural practices is m many respects pri- 
marily an extension of the culture of California T 

The United States m the Pacific 

In 1947, the Umted Nations gave the Umted States the sole and 
permanent trusteeship of more than 600 islands which were formerly 
Japanese-mandated islands These islands are spread over a water area 
about the size of the United States, but the total land area is only 829 
square miles (Fig 93) 

These islands possess meager resources, principally phosphorus ores 
(guano) and coconuts. They are occupied by about 85,000 brown- 

7 The author has had the privilege of reading and making use of an excellent 
manuscript, not yet published, entitled South Sea Peoples, by John Weslev 
Coulter. 
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skinned native folks who have no skills except fishing and some wood 
carving. 

Most Americans were unfamiliai with even the names of these 
' ’islands before World Wai II Now the Mananas, Gilbeit, Caroline, 
\ and Maishall islands are well known to thousands of men and women 
■ who obtained firsthand information about these isolated patches of 
land while in the nnlitaiy service of the Umted States. 

The strategic importance of these islands cannot be accuiately eval- 
uated at present They possess excellent harbois and many airfields, 
some of which are in disrepair because of being bombed dunng World 
War II Even though the islands are small they will be of value as 
bases for commercial air fleets, as bases for the Navy, and as way 
stations for merchant vessels The network of airfields can be com- 
pleted to cover the broad expanse of the Pacific Ocean between the 
United States and Asia 

Guam, an American possession for more than fifty yeais, is located 
near the center of these trusteeship islands and now selves as their 
capital It has been valued primarily as a peimanent naval base 
Truk is a cncular atoll that could shelter all the woild’s navies at 
one time. It has airfields on 3 of its 89 islands 
Saipan is an island 13 miles long and 5 miles wide with a population 
in 1946 of 20,000, mostly Japanese The Japanese developed the cane 
sugar industry here befoie World War II 
Kwajalein, an atoll more than 60 miles long, is only 6 feet above 
sea level at its highest point and has no native population. Neverthe- 
less, it has been developed into a major Umted States air base 
Yap is a group of four small islands which lie in the western part 
of the Carolines The islands are covered with a tropical jungle which 
supphes mahogany logs for the building of houses Before World 
War II, Yap was an important cable station and is likely to become 
such again. 

Taken togethei these trusteeship islands are valuable primarily as 
way stations in the Pacific and as future vacation spots. Whether 
the value of these islands, situated m remote parts of the world, will 
outweigh the obligations added by their control will be decided by 
future events. 
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THE LOW-LATITUDE WET-AND-DRY 

REALM 

LOCATION AND CLIMATE OP THE REALM 

Rhythmic Pattern of Climatic Conditions. Life Responses. As one 
proceeds away from the equatonal wet lands with their continuous 
growing season, abundant forest growth, dearth of useful animals, 
and retarded native civilization, the envuonment becomes better suited 
to the progress of native peoples Here, m the low-latitude wet-and- 
dry realm, a lhythm of rainfall results in a similai lhythm of life le- 
sponses, seasons of plenty aie followed by seasons of deaith, com- 
pelling man to exercise foiethought and to save 
The rhythm of seasonal larafall (summer lain and wintei drought) 
is the distinguishing characteristic of this tiopical realm and deter- 
mines its location (Fig. 98) Many places receive nine-tenths of their 
rain during the summer half-year The temperatures are high 
throughout the year and the glowing season is continuous Yet the 
regions have a well-marked seasonal rhythm in temperatures as well as 
in rainfall Summers with their humid atmosphere are hot both night 
and day Winters are cooler, especially at night when the heat of the 
earth escapes rapidly through a relatively dry atmosphere 
Distribution and Amount of Rainfall. The rainfall of the lealm 
is directly related to (1) the movements of the tropical calm belt, 
(2) the monsoon winds, (3) convection in the moisture-laden trade 
winds, and (4) the influence of highlands 
The belt of calms, shifting to the north and to the south of the 
equator with the apparent movement of the sun m those directions, 
brings with it summer rainfall and high relative humidity. (See pp. 
77-78.) Thus areas located along and near the equator are influenced 
most by this wind belt, hence, m general the equatorward margins of 
the realm have higher relative humidity and more abundant lainfall 
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than the poleward areas Only poleward areas that are favoiably 
exposed to the monsoons or to the moisture-laden trades constitute 
exceptions to this general rule 

As the trade winds, heavily laden with moisture, pass over the West 
Indies, the heat of the land in summer sets up convection currents 
which lesult in moderate to abundant rainfall, especially on the wind- 
ward slopes Thus the slopes that face to the windward of the north- 



Fig 98 The most Important climatic characteristic of the low-latitude wet-and- 
dry realm is the rhythm of rainfall— summer ram and winter drought 


east trades receive rainfall even in winter, the amount in geneial is 
greater than that received by land lying to the leeward of highlands 
This is well illustrated on the island of Jamaica, where Kingston, lo- 
cated to the leeward of mountains, receives 36 inches (Fig 99), 
whereas Port Antonio, a center on the northeast coast, is bathed, 
during a normal year, in more than 139 inches of ram. 

The effect of exposure in relation to amount of rainfall is also indi- 
cated m the highlands of northeast India, where the north-south- 
trendmg mountain system of Burma meets the Khasi Hills, thereby 
causing a veritable trap for the moisture-laden winds that blow during 
the summer from the Bay of Bengal Here the rainfall is exceedingly 
heavy. At Cherrapunji, a center located m this area, 458 inches is the 
mean annual amount, 41 inches of ram having fallen m a single day 
Under such conditions erosion is very rapid, the vegetation is rank 
and luxuriant, and the whole landscape is steaming with hot, humid air. 



Fig 99 Hm^r graphs of average monthly precipitation and temperatures in 
low-latitude wet-and-dry areas All these graphs are on the same scale 
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Variability of Rainfall. The average rainfall of most parts of this 
realm is sufficient for agricultural purposes, but unfortunately the 
deviation from the average is frequent, resulting in either an excess or 
a deficit of water for crops and pasture Here rainfall extremes have 
been recorded, rangmg from the heaviest on earth, where from day 
to day there are mcessant downpours during the lamy season, to a 
low limit which marks the beginning of the steppe, where every drop 
of ram is quickly absorbed 

The climate of these regions is not conducive to great physical or 
mental vigor It is more healthful and less debilitating, however, than 
that of the tropical ram forest It also favors the formation of grass 
rather than forests, and m general the grassland is easier to bring 
under cultivation, and the yield is larger and more enduring than that 
of the ram forest. 

Temperatures. The temperatures of these regions are high through- 
out the year Frosts are unknown except in the uplands, and, where 
there is sufficient moisture, crops may be grown the year round 
Although the regions are warm throughout the year, there is a marked 
annual as well as diurnal range, which is greatest along the poleward 
margins, in the mterior areas, and m the drier parts of the realm The 
average annual temperature range at Lahore, situated in the north- 
western part of India, is 40° F , that of Bombay is only 10 1° F Kulca, 
situated along the margin of the steppe m west central Africa, has an 
average range of 21 6° F., Wadelai, British East Africa, has a range 
of only 6.2° F 

Inconvenience Caused by Oppressive Heat. In some of these re- 
gions the heat is most oppressive just before the rainy season sets in 
Thus m the Indo-Gangetic Plain during April and May, immediately 
before the wet season, the temperatures range from 85 ° F. to 95° F , 
and along the margins of the steppe readings of 115° F, have been 
made. Such heat is surpassed only in the desert. Work must be sus- 
pended during the hottest hours, and any activity out of doors is 
dangerous as long as the sun is above the horizon At such times one 
should not venture into the open at all without taking the utmost 
precautions against sunstroke, for the heat and the glare, both direct 
and reflected, are intense 

The hot season, which m this region begins m March, becomes suffi- 
ciently intense by April so that barley and wheat ripen and are har- 
vested During this season, especially from April until June, there is 
essentially no ram. It is the period of the year preceding the summer 
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monsoon. An inhabitant of the tcmpeiate zone can hardly icalize the 
desiccating, scoiching heat of the wind during this season. The tem- 
peiatures duiing the daytime frequently soar to more than 120° F , 
and after 7 00 a m no European resident of the Punjab leaves his house 
unless under the uige of business oi othei necessaiy activities But 
in such cases he must protect himself from the sun with a sunshade as 
well as a thick head coveiing Houses aie geneially closed aftei sun- 
nse, and since only a small dooi is left open foi communication with 
the outside world, they aie moie like gloomy pusons than oidinary 
dwellings Grass scieens are placed in the dooiways and continuously 
sprinkled with watei, theieby keeping the looms somewhat cooler 
than would otherwise be possible, especially as long as the hot winds 
blow stiongly. 


Climate and Human Welfare 

The low-latitude wet-and-dry realm contains some of the most 
densely populated regions of the world and some vciy sparsely pop- 
ulated areas The population of India (395,822,250 estimated in 1944) 
is almost tluee times that of the United States Some agricultural 
sections of India that have abundant rainfall suppoit more than 1,500 
people per square mile. Other parts of India are desert and support 
less than one peison to the square mile The density of population of 
the various areas and the welfare of the people are closely related to 
the amount and distribution of the rainfall. 

When will it rain, and how much will falP These are the eternal 
questions of the realm With many of the people living here, health, 
happiness, and even life itself are staked on the answei nature gives. 
Other physical factors, such as soil, relief, location, and temperatures, 
all affect man’s activities, but the amount and the distribution of lam- 
fall are the factois whose vauations have a major influence on man’s 
well-being They are the ones, therefore, that give man most concern 
In a few parts of the realm, such as the West Indies and the lower 
Ganges Valley, the rainfall is both sufficiently abundant and reliable 
for excellent crops, m other parts it is so light and umehable that the 
crop and pasture yields aie uncertain 
Perhaps no climatic realm has a greater variety of human use zones 
as related to lamfall This is well illustrated in th e Sudan, where a 
journey north from the tropical forest takes the traveler through 
deciduous forests, areas of patch gardening, gram farming, and into 
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the region of semi-nomadic pursuits. In India the Indo-Gangetic P lain 
alone contains five distinct human use regions 1 

Rainfall and Famine 

Causes of Famines. As previously stated, the chief disadvantage of 
the rainfall regime of this climatic realm is its uncertainty. Years of 
abundant rainfall are interspersed with years of drought; years of feast 
are bioken by periods of famine When the monsoon is normal, crops 
flourish, and the people have food, but only a slight departure from 
the normal may cause crop failure As a result of this monsoonal 
variation famines occur frequently They may be caused by an excess 
of moisture which results in floods, in the rotting of crops, or m the 
stimulation of insect pests, by a deficit of moisture accompanied by 
parched ground and dry vegetation, or by irregular distribution which 
results in crops receiving the moisture at the wrong time 
Rainfall a Critical Factor m Intermediate Areas The rainfall of 
this realm is most variable in the drier parts, and it is least variable in 
areas which receive abundant precipitation But in both these areas, 
variations in lamfall are not of much importance. In the drier sections 
there are few crops that depend upon rainfall, in the areas with greater 
precipitation the rainfall is usually sufficient for agricultural purposes 
even during the dry years The intermediate areas, however, are the 
critical ones Here the average rainfall is just sufficient for crop pro- 
duction, and deficiency, irregularity, or superabundance may cause 
crop failures, frequently resulting m a great loss of life 
Famines in India. In India, where agriculture is the dominant activ- 
ity, and where the dense population presses upon the means of sub- 
sistence, periods of erratic rainfall shake the economic foundation of 
the enure land, and millions of inhabitants perish At the present 
time, however, this conditon is not so critical as it was formerly, since 
irrigation canals have been built and railways have been extended 
through many parts of the country Yet there still remain vast 
stretches of land lackmg irrigation and favorable transportation facili- 
ties— land m which a normal rainfall is just sufficient for crop produc- 
tion, and in winch a slight deficit may cause starvation 
We have records from the ancient literature of the Hindus that 

1 Lower Ganges nee and jute region, the middle Ganges rice region, the upper 
Ganges wheat region, the Punjab, and die Sind nee and cotton region 
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famines have occurred in India from the earliest times. 2 In the years 
since Wanen Hastings mtioduced British rule, India has had more 
than twenty severe famines Foi the period piecedmg British rule 
the lecoids have not been so well pieserved, but there is ample evi- 
dence to show that famine was just as frequent in its incidence and 
much more deadly in its effects under the native rulers of India 8 This 
is indicated by the Bengal famine of 1769-1770, which occuired 
shortly after the foundation of British rule, but while the native 
officials were still m powei Duiing this famine a third of the pop- 
ulation of Bengal, or approximately 10,000,000 people, penshed Even 
during the last hundred years India has suffered from more than a 
dozen severe famines In general, however, a famine does not strike 
all India at one time But there are certain localities which suffer more 
seveiely than others— localities in which starvation, pestilence, and 
death hold sway during t{ie famine years. One of these intense local 
famines occurred in the province of Madras in 1833. The northern 
districts of the province suffered most severely In the Gantur district 
alone >200,000 out of a total population of 500,000 perished. One of 
the eye witnesses to this famine stated that the description of the Siege 
of Corinth of dogs gnawing human skulls is mild compared with the 
scenes of horror that they were daily forced to witness on their morn- 
ing and evening rides. Dogs and horses were greedily devoured by 
the starving people 4 

Equally mtense and horrifying was the subsequent famine of 1837, 
which swept noithern India In the district of Cawnpur a special 
establishment patrolled the streets and the river to remove the dead 
bodies In many places the dead lay on the roadside until wild animals 
devoured them. The mortality due to this famine was estimated at 
more than 800,000 people 

On some occasions the famine relief work was so successful that 
there appeared to be no excess death rate during the abnoimal periods, 
especially during the famines of 1874 and 1892 m Bengal Occasion- 
ally, however, a famine of such wide distribution and intensity may 
occur that it is almost impossible to check the death late, even with 
the present means of transportation Thus m 1897 one of the most 

2 E Washburn Hopkins, India Old and New, Charles Scribner & Sons, 1902, 
p 236 

8 R. C Dutt, Open Letters to Lord Curzon on the Famines of India, ICegan 
Paul, Trench, Trubner & Co , London, 1900, p 1 

4 R C. Dutt, The Eeonomto History of India, Kegan Paul, Trench, Triibner 
& Co,, London, 1900, p 70, 
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widespread and intense famines in the history of India was experi- 
enced On the average, 2,000,000 persons sought help daily, and 
during the height of the disaster there were weeks together m which 
more than <5,000,000 persons were given aid The death toll during 
this period exceeded that of non-famine years by about 5,000,000. 

Famines in Africa. In the low-latitude wet-and-dry regions of 
Africa fluctuations in rainfall have caused many severe periods of 
famine As early as the middle of the nineteenth century, Schwein- 
furt and other travelers m Africa reported serious periods of drought 
in the Sudan. In 1872, Nachtigal estimated the population of Wadai 
at more than 2,000,000, but it has subsequently shrunk to 300,000 
The great drought of 1892 threatened the very existence of Abeshir, 
the capital of Wadai, and local raids and warfare broke out among 
the tribes “A D Milne reports that the province of Bahr-el-Jebel 
suffered an acute famine in 1879. Crops every wheie failed to mature 
except in the ram shadow of a few hills Entire villages began to 
move, stealing all the food they could find Baker Pasha tells of ob- 
serving other villages where men lay in the streets wailing and putting 
pieces of dirt into their mouths to show how little they had to eat 
L C West describes both 1913 and 1914 as famine years m Dongola 
Province (Anglo-Egyptian Sudan) Cattle and humans died like flies 
Hurried relief work by the British Government was the only thing 
that saved the remnant of the population ” B 

Drought, however, is not the only cause for famine in the African 
regions, excessive rainfall may bring about the same results “In 1780, 
Schweinfurt wrote that almost all the crops of Bahr-el-Ghazal were 
ruined by excessively heavy rams which lasted for ten days in early 
summer. In 1914, many districts in northern Anglo-Egyptian Sudan 
received such violent downpour during July and August that the crops 
were completely destroyed. During 1916 and 1917 Nigeria suffered 
from excessive rams, floods occurring all over the country ” 8 

The Control of Fam ines Thus far we have considered the causes 
and extent oFfamines. What is to be done about it 5 Man is unable to 
control rainfall, m which either deficiency, inegularity, or super- 
abundance may give rise to these disastrous periods. He can, however, 
provide measures which reduce the liability of the realm to famine. 
Chief among these are promotion of railways, extension of irrigation, 
reclamation of waste land, introduction of agricultural improvements, 

8 G T Renner, “The Sudan, A Tropical Famine Area," Mat4naux pater I’Stude 
des calamites, No 11, Geneva, pp 7-8 

8 Op at, pp 8-9 
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such as pioper crops and rotations, emigration, and, wheie necessaiy, 
revision of revenue and rent systems In India railways aie being 
extended lapidly throughout the country, canal, tank, and well irriga- 
tion is increasing in importance, and a moie leasonable rent system 
has been realized. It has been found that peanuts yield well even 
during dry periods, hence they should have a moie prominent place 
in the cropping system in regions visited by diought But m aieas 
that aie subject to an excess of lainfall, moisture-loving plants with 
a high degree of resistance to insect pests and fungous diseases should 
be introduced 

NATIVE VEGETATION OP THE REALM THE PATTERN OP 
DISTRIBUTION 

A Succession of Vegetative Types. Few climatic realms contain 
such striking contrasts in vegetative types as one may find m these 
regions In those parts of the realm where lainfall is most abundant, 
luxuriant forests have spiung up, being deciduous lathei than ever- 
green— a direct response to the lhythm of ram and diought. The 
regions of heaviest foiest are the wetter (equatorwaid) margins of the 
realm and windwaid slopes of highlands situated in monsoon areas 
As one proceeds away from the forested areas, grasslands with park- 
lilce timber appear, and these in turn give way to the open savanna 
and thorn forest along the drier margins. 

This banded characteristic of the native vegetation of the realm is 
well illustrated in Africa Beyond the tropical rain forest of that 
continent and forming a broad bank extending from Senegal to Uganda 
and across the southern Congo and northern Angola is the high-grass 
low-tree savanna, composed of glass 5 to 12 feet high with scatteied 
bushes and small trees As one proceeds out from this area tall 
umbrella-shaped trees make their appearance, and the grasses become 
shorter and less coarse. Owing to the large size of these trees m 
comparison with the bushes and small trees of the former area, they 
are less readily killed by fires which frequently sweep over these 
grasslands during the dry season. 

Forest and Forest Activities 

At present the forests of this climatic realm are much less extensive 
than the grasslands (Fig. 100), yet there is every reason to believe 
that they formerly had a much wider distribution, “The s hrinking 
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of the forested area both north and south of the equatorial zone is a 
fact which strikes the trained observer Various types of underbrush 
in regions which are now treeless, and of aerial lianas which have be- 
come half subterranean in order to adapt themselves to new condi- 
tions of life, seem to indicate that a part of the immense area now 
occupied by savannas was formerly forested At a few degrees dis- 



Fig 100 Typical savanna grasslands in Africa (Courtesy U S Department of 

Agriculture ) 


tance from the equator, the forest, driven from plateaus and hillsides, 
takes refuge in valleys and ravines.” 7 A change in climate alone is not 
responsible for such retreat, but many remains of the stone age in 
western Sudan, for example, indicate that man has had his share in 
clearing land of its forests 8 

Commercial Species of the Forest — Teak, Sal, and Quebracho 

Some of the trees of the forested regions have acquired wide com- 
mercial significance, especially teak, sal, and quebracho Teak and 
sal are found m widely scattered sections of India, Thailand (French 

7 Reprinted by permission from Principles of Human Geography , by P, Vidal 
de la Blache, Henry Holt & Co , 1926, p. 47 

8 Ibid 
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Indo-China) and Java In eastern Java the teak glows to a maximum 
height of 75 feet and foims pure stands m which othei trees occui 
merely as subsidiaiy species In India and Buima, teak is the most 
important timbei, being used foi buildings, fuinituie, cabinet work, 
paneling, lailroad cais, and agucultuial implements This geneial 
utility of the teak is due to the fact that its wood is extremely durable, 
seasons well without waiping or splitting, and is easy to work Teak 
is also superior to all other known woods foi ship building, since it 
contains an oily substance which helps to pieseive metal that comes 
in contact with it Teak timber, however, is heavy, and special meth- 
ods are fiequently lequued m ordei to get it out of many of these 
tropical aieas Thus in Burma, where the timbei is extiacted fiom 
the forests by floating, the trees aie gn died thiee yeais before felling 
in order to lull them and rendei the timber moie buoyant 8 

Sal, a large tree found in solid stands in parts of northern and central 
India, is widely used for bridge construction, piles, railway ties, and 
agricultuial implements 

The Contribution of Quebracho to Industry. Quebiacho holds a 
position in the New Woild quite comparable in relative importance to 
that of teak and sal in southeast Asia Used chiefly for tanning ex- 
tract, it has been called "Latin Amenca’s greatest contribution to the 
tanning industry ” 

Not until the last few decades has the extract of the quebiacho tree 
entered widely in world trade Prioi to 1900, quebracho, as a tanning 
material, was unknown to the great leather-pi oducmg districts of 
Europe and North America, now it occupies a place m the front rank, 
essentially the entire world’s output of this commodity coming fiom 
the Gran Chaco of South America This rapid development has re- 
sulted from the favorable combination of several factors, such as the 
high percentage of quebracho per unit of timber, purity of the ex- 
tract, and the abundance as well as accessibility of the timbei in the 
area of production 

Localization of quebracho The quebracho forests are situated in 
a well-defined region, extending from the Argentine piovince of 
Santa F6 to the northern limits of Paraguay, or from latitude 21° S 
to about 31° S. This belt has a maximum width of about 200 miles in 
the Argentine Chaco, tapering to the south as well as to the north 
To the east these forests are bounded by the Parana and Paraguay 

8 Raphael Zon and W N Sparhawk, Forest Resources Qf the World, Vol, I, 
McGraw-Hill Book Co, 1923, pp 435-436 
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rivers, and to the west by aieas of deficient rainfall and unfavorable 
soil conditions 

Quebracho is exacting in its environmental requirements, which ac- 
counts for its marked localization m a restricted area The optimum 
conditions for the tree are found where temperatures rarely rise above 
105° F in summer and where they seldom fall below the freezing 
point in winter This tree is particular also in its choice of soil and 
rehef The quebiacho area embraces a monotonously level lowland, 
and the tree is seldom found even at elevations of 50 feet above the 
geneial land surface of this region The drainage must be so slow 
that the tree receives the necessary amount of moisture, and yet suffi- 
ciently rapid so that long and frequent inundations may be obviated 
Where quebracho grows on poorly drained, wet land, rot is common, 
beginning at the heart of the bole and gradually extending upwards, 
eventually converting the trunk into a mere shell 

Character of the avood The quebracho tree is extremely hard and 
heavy, the name quebracho being derived from the Spanish word 
quebiar, to break, and hacha, an axe Such hard timber requires tools 
with high-tempered steel m order that it may be successfully trans- 
formed into the finished product, and it is with difficulty that the 
heavy quebracho logs are transported from place to place 

Methods of obtaining the tanning extract Only the heartwood 
of the trunk and larger branches of the tree are utilized in the manu- 
facture of tannmg extract. After the tree is felled, the first work 
consists of stripping from the trunk both the bark and the white sap- 
wood, leaving only the red heartwood, which contains about 20 per 
cent tannin. 10 The logs, weighing from % to 11 tons each, are then 
hauled m large-wheeled ox-carts or on light railways to the factories, 
where they are reduced to small chips These chips are subsequently 
conveyed through extractors where they aie dissolved in hot water 
When its moisture content is about 20 per cent, the quebracho solu- 
tion is run out into bags where it cools to a dark red solid extract, 
m which form it is exported, 11 

Other Forest Trees. The trees of most of the low-latitude wet- 
and-dry regions, however, do not occur in solid stands, but are widely 

10 The bark contains from 5 to 6 per cent tannin, the white sapwood 0 to 4 
per cent 

11 For a detailed discussion of the quebracho industry see “The Quebracho 
Extract Industry” by H G Bennett, the Leather Trades Year Book , The Leather- 
sellers Co , London, 1925, pp 75-91. 
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scatteied in the sunny, well-aired, and diy giassland The majouty 
of these trees are of low stature, with a 1 datively thick stem, the 
crown is frequently umbrella-shaped and may indeed be flattened like 
a disk Umbrella trees figure in all the descriptions of the savannas 
and open forest formations of the tropics They constitute an im- 
portant part of the vegetation in the savannas of Venezuela and east 
Africa, they occui m the alpine savanna of Java and aie conspicuous 
m the landscape of the Campos of Biazil 12 In southern India the 
umbiella-thorn, the crown of which consists of twisted knotty 
branches, thorns, and finely pinnate leaves, is a conspicuous object in 
the landscape. 

The Grassland 

Within the rainy low-latitude regions, grassland is unimportant, 
only m small areas do glasses appear, owing to local influences. But 
beyond the ram forest extensive savannas dominate the landscape, in 
some places containing scatteied tiees and bushes, in otheis solid 
stands of grass (Fig. 100) In accordance with the tiansition of 
climate from a wettei to a drier phase, there is also a transition from 
savanna grasslands in which there is tall grass and many tiees to those 
in which the grass is short and the trees are absent Thus towards 
the margins of the steppe, where the period of di ought is longer, 
trees become smaller and much more scattered, and grasses cover al- 
most the entire landscape 18 

In the Llanos of Venezuela and the Campos of Biazil grass is the 
dominant type of vegetation, exploiers and tiavelers having described 
these legions as boundless stretches of land covered with solid stands 
of grass But this is contrary to the facts, since in both areas bushes 
and trees are scatteied over the landscape. Grasses aie the dominant 
vegetation, yet in both areas they are lichly differentiated, and with 
scattered trees and bushes give the appearance of a park country. 14 

In Africa, extensive grasslands and areas of parkhke vegetation are 
found to the poleward of the lainy low latitudes These extensive 
savannas constitute the natural habitat of a large number of pastoial 

18 A F W Schimper, Plant Geography, The Clarendon Press, Oxford, 1922, 
P 347 

18 For a description of the savanna of Africa see H L Shant? and C. F. Maxbut, 

' The Vegetation and Soils of Africa, American Geographical Society, 1923, 
pp 50-60 

14 A F W Schimper, Plant Geography, The Clarendon Press, Oxford, 1903, 
pp. 372, 373, 
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nomads as well as agricultural peoples They are also the home of 
some of the world’s largest herbivorous animals. 

THE ANIMAL ADAPTATION 

Variety of Faunal Groups Correspond to Floral Habitats. The 
realm contains not only seveial vegetative formations but also various 
kinds of animal life The variety in the habitat from the monsoon 
forest, through various types of savannas, to the steppe is matched 
with an equal vanety in the faunal groups In the forests, carnivorous 
and climbing species predominate, although amphibians and reptiles 
are abundant along the stream couises, m swamps, and in lagoons 
On the other hand, the savannas, with their abundance of grass, sup- 
port some of the largest herbivorous animals, while in the drier parts 
of the realm, where the grass is short and where it is necessary to 
range over larger stretches of land in search foi food, the animal is 
generally long of limb, being built for speed 

In the monsoon forest and along the margm of the rainy low lati- 
tude we find such animals as the jaguar, puma, tapir, giay fox, and 
monkey In swamps and lagoons alligators are abundant, and lizards 
of many species add to the variety of creeping forms Snakes are 
found everywhere and are of all sizes and all degiees of deadliness 
At times millions of mosquitoes cloud the atmosphere In the Gran 
Chaco of South America streams of locusts darken the sky for days 
together These are the insects which go in vast swarms to the crop 
lands of the pampa, causing endless destruction to gram and hay As 
insect life is abundant, so also will bird life be, since it is almost a 
corollary of the former And these areas abound in birds of great 
variety and brilliancy of plumage 

Throughout the extensive savannas the bushes and trees offer shade 
and the tall grass provides an abundance of food for the native animals, 
many of which are of great size, especially the elephant, rhinoceros, 
and giraffe But here also aie found cattle, deer, kangaroo, bear, wolf, 
tiger, and panther Various thin, long-legged animals such as the 
eland, oryx, and gazelle occupy the drier parts of the realm, regions 
in which the grass is short and frequently lacking, hence speed is a 
natural response in the animal structure. 

Adaptation of Animals to Climatic Environment Corresponding 
to the climatic rhythm of ram and drought is the rhythm of feast and 
famine m the animal kingdom The animals of these regions have 
adapted themselves in various ways in response to these conditions. 
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In some of these animals the habit of nugiation is stiongly developed, 
manifesting itself in various kinds of antelopes, elephants, and cattle, 
it is also veiy pionounced m buds, which move with the lams into 
areas where food is most abundant Still other animals, such as bees, 
termites, and ants, have developed the habit of saving in older to tide 
themselves thiough a period of deaith 

GRAZING ACTIVITIES 

Dependence of Man upon Animals in the Open Spaces. This is the 
realm m winch our primitive ancestor leceived an early opportunity 
for human evolution Once out of the forest, he was forced to pro- 
tect himself in the open spaces against the abundant animal life He 
also found animals for domestication— animals to drag his implements 
and haul his crops, to enlarge his food supply by the addition of meat 
and milk, and to enuch his apparel, especially by supplying leathei 
and hau 

Grazing versus Agriculture Agriculture is the dominant activity 
of most of the people of this realm, yet grazing is widely practiced 
This is especially true in the llanos and campos of South Amenca and 
m the savannas of Africa Throughout these aieas the abundance of 
grass has affoided a marked impetus to the development of pastoral 
activities, but in Africa as well as m South Amenca the distance from 
markets, the pool transportation facilities, and the consequent diffi- 
culty of exporting agricultural commodities have hindered the maxi- 
mum development of this industry 
Grazing Industries of the Llanos of South America. The llanos 
extend from the inland division of the Carnbbean coastal ranges south 
to the guana highlands 01 to the tropical forests of the lowlands— 
latitude <5°N to 7° N (Fig 101). Heie is an area two and one-half 
times the size of England, yet it suppoits only a few thousand people 
—approximately one family per square mile 
Throughout this sparsely populated grassland, cattle are the chief 
means of subsistence but offer a most precarious livelihood to the 
stock rancher. The lack of good pastures throughout the year, labor 
shortage, poor transportation facilities, revolutions, distance from 
market— these are discouraging situations that the rancher must face 
These great cattle plains are not a short-grass country The natural 
grasses are large, coarse, and hard when dry. The green shoots at 
the beginning of the rainy season offer palatable feed for the cattle, 
but toward the close of the season and the beginning of the dry period 
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the wind and the rain parch the plains, making the grass too coarse 
and hard for the animals to eat During the height of the wet season 
the cattle are forced to move from one high area to another, often 
wading through vast stretches of swampy land in older to reach these 
places of refuge where the feed is soon exhausted and the stock begin 
to suffer. As the waters recede, the cattle follow the drying margins 
of the flooded areas, eating the green shoots to be found there The 
flooded areas, covered with aquatic growth, soon become foul and 



Fig 101 (A) Llanos, (B) Maracaibo Basin, (C) lower Magdalena and coastal 

lowlands (1) Ciudad Bolivar, (2) Caracas, (3) Puerto Cabello, (4) Maracaibo, 
(J) Santa Marta, (6) Cartagena, (7) Lagumllas, (8) Calamar 


cause diseases to break out which frequently result in disastrous 
losses. 1 ® 

Owing to the lack of adequate railroad facilities, cattle are driven 
across the mountains to the coastal markets— usually to Puerto Cabello, 
the major port of export for the cattle and their products But pas- 
tures in the mountains are usually poor, and great care must be taken 
so that the cattle retain as much weight as possible This problem is 
being worked out at present by means of areas of planted grass, such 
as Para and Guinea, located at such points that cattle may be brought 
to the market by easy stages across the plains, being held in those 
pastures for conditioning. It frequently takes months to drive the 
stock across the plains and mountains to the outlet near the coast 

The Grazing Industry versus Other Uses of the Land in the 
Maracaibo Lowlands. The Maracaibo lowlands were formerly given 
primarily to grazing and agriculture, and mineral resources remained 
relatively undeveloped. The land is hot and at times the steamy 
humidity is very uncomfortable The rainfall m the northern or most 

1B “Venezuela, A Commercial and Industrial Handbook," Special Agents Senes, 
No. 212, U. S Government Punting Office, p 108. 



244 


THE LOW-LATITUDE WET-AND-DRY REALM 


accessible part of the basin is light and unreliable and supports scrub 
forest and poor pasture In the southern part of the lowland, the 
rainfall is heaviei and supports subsistence agriculture together with 
some plantations of sugar cane, cacao, and patches of coconuts 
The pastoral and agricultural activities of this aiea now have been 
overshadowed by the petroleum industry. The laigest single produc- 
ing oil field of all Latin Amenca is situated on the eastern shoie of 
Lake Maracaibo, neai the village of Lagunillas (Fig 101). Oil has 
transformed the city of Maiacaibo In 1920, it was a village of 15,000 
inhabitants, mostly Indians and Negioes Pavements and sewers were 
practically unknown and perhaps little desired by these peoples 
Today, Maiacaibo is a modern industrial and commercial city of 
120,000 people, one-fourth being whites 
The Caribbean Coastal Lowland of Colombia. Most of this area 
is still given to pasture However, an increasing amount of land is 
given to agriculture A legion of dense settlement has developed 
along the railroad from Cartagena to Calamar (Fig 101) Here sub- 
sistence agriculture has been developed and sugar cane and cotton 
are grown as commercial crops The land immediately tributary to 
Barranquilla grows vegetables and fruits foi the city market and pro- 
duces cotton and cane sugar for export Santa Marta is one of the 
most important banana-producing ports of the world South of the 
port, the United Fruit Company has developed large banana planta- 
tions where water for irrigation may be obtained from streams that 
flow from the Sierra de Santa Marta Mountains. 

The Campos. Like the Llanos of Venezuela, the Campos of Brazil 
are large, sparsely populated grasslands. One may travel for days and 
days over these gently rolling areas, with their millions of anthills, 
and scattered scrubby trees and shrubs. The state of Matto Grosso 
alone covers approximately 532,210 square miles of land, or more than 
two and one-half times the size of France, yet it has less than 500,000 
people. The landscape of this region is vividly portrayed in the fol- 
lowing quotation 

For miles and miles the tram runs through the open country, which is 
covered with coarse, grayish-brown bunch-grass, and perhaps not a tree in 
sight In the distance these brown fields look like our own pastures, dned 
by the August sun Then suddenly a change comes, and a dense tree cover 
shades the trek, the forest edge being as sharply marked against the open 
country as if a man had been at work there with an axe , , After the 
forest may come an immense stretch of grassland with scattering trees and 
underbrush or stemless palms, and this may be followed by more forest, or 
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by a wholly treeless region Thus the day goes on, monotony but variety, 
a constant repetition of the same landscape, but a constant change 18 

The agricultural dwellings of this thinly peopled Campos are widely 
scattered One may travel long distances without seeing a house or a 
living being Then comes an adobe hut, with its thatched roof, a few 
scattered trees, and a little patch of cultivated ground, with manioc, 
beans, and sugar cane In some areas one sees an hacienda, with its 
outhouses and cattle, and along some trail the wagon of the plains— 
the clumsy ox-cart, with its solid, spokeless wheels made out of a 
large tree trunk, the wheels and the axle turning togethei with a loud 
cracking sound which may be heard for miles across the open countiy 
Productive soil yet cultivation is limiied Only in a few places 
have attempts been made to produce anything but the natural glasses, 
hence there is a considerable waste of land Even the natural grasses 
of the region go to waste, since they are m large part unoccupied by 
stock When the soil is plowed and worked it yields good grass foi 
cattle and horses, and great numbers of these animals could be pastured 
on land which at present is wild Cereals and vegetables of different 
kinds thrive under conditions of climate and soil found here But the 
region suffers from a serious handicap It is indeed a striking fact that 
m this age of mobilization of resources such a large area should be so 
little known, and even in large part under the control of the Indian, 
with almost no expanding frontier encroaching The reason is not a 
lack of available resources or extremely adverse climatic and physio- 
graphic conditions, as might be presumed, but it is chiefly if not 
wholly the fact that there is no good natural outlet by which the 
products of the legion may reach a world market IT 
The Savannas of Africa, Throughout a large part of the low-lati- 
tude wet-and-dry regions of Africa, glazing is the dominant activity, 
and it increases m importance with distance towards the steppe, an 
area of little rainfall and of uncertain crop production But these 
drier marginal lands are covered with shorter and finer grass than 
occurs in regions that lie equatorward. Along these drier margins, 
then, the native tribes are engaged mainly m pastoral nomadism Only 
where irrigation may be practiced is agriculture the dominant eco- 
nomic activity 

16 Robert De C Ward, “The Southern Campos of Brazil,” Bulletin of the 
American Geographical Society, 1908, pp 6SS, 656 
lT William H. Haas, “Studies m the Geography of Brazil,” Journal of Geog- 
raphy , Vol 24, p 84 
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In grazing his stock the rancher is confronted with numerous handi- 
caps and disadvantages Everywhere, except along the streams and 
in highland areas— lands which leceive more moisture— grass becomes 
dry and light yellow in color dunng the period of drought Fre- 
quently fires sweep these areas, at other times they are overgrazed, 
especially in the North African Sudan, where large numbers of goats 
and sheep are kept— animals which are capable of sustaining life on a 
meager supply of water, and on hard, shoit herbage. 

AGRICULTURAL ADJUSTMENTS 

In these regions of rain and drought, man was early compelled, 
owing to the season of dearth, to forethought and saving It became 
necessary for him to store away certain commodities for use during 
the dry season Meat from domestic as well as from wild animals is 
abundant throughout the extensive savannas, but it deteriorates rapidly 
in this tropical climate Nuts, roots, and seeds, however, are nutritious 
and keep well Especially important are the seeds, which in the form 
of rice, wheat, bailey, sorghum, millet, and maize favored the de- 
velopment of agriculture and a sedentary mode of life 

Agricultural Possibilities. In contrast with the desert and the 
steppe, most parts of this realm may produce crops Even the grassy 
savannas contain numerous cultivated fields and large stretches of land 
awaiting development The climate which supports the vigorous 
growth of tall grass is equally favorable to many kinds of cultivated 
crops In aieas that receive an abundance of rainfall, rice, tea, spices, 
and even rubber may be produced, and over vast stretches of land m 
the drier parts of the realm irrigation is practiced In some places, 
however, the moisture supply is moderately abundant and irrigation 
merely supplements the normal rainfall. 

Crops 

Various Regions and Their Products. Mixed cultures are quite 
common in most parts of the realm, yet in some areas certain crops 
are dominant m the rotation Thus, in the lower Ganges region where 
water is abundant, rice and jute are the chief crops, in west central 
India, which receives only a light rainfall, cotton and the grain 
sorghums are most important. The Punjab is noted for its wheat; 
Burma for its rice, and Assam for its tea plantations This dominance 
of one or a few crops is seen also m the New World— sugar cane in 
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Cuba, cacao m coastal Ecuador, and maize m the lowlands of Mexico 

This predominance of a crop in a certain place results partly from 
the advantages of natural environment and partly because of man- 
controlled factors Thus water-loving rice has become the most 
important crop in many of the wet lowlands of these tropical areas, 
where a dense population has created a strong demand for this com- 
modity Tea occupies many well-drained, well-watered highlands, 
but the real progress of commercial tea production was directly re- 
lated to the large demand coming from middle-latitude lands, and in 
some places this industry reached its highest stage of development 
mainly because of European capital and initiative Sugar cane be- 
came Cuba’s most important crop not only because the climate, soil, 
and relief of that island favored production, but also because of Cuba’s 
situation with respect to the United States and the advantages of 
preferential tariff agreements with that country Similarly the island 
of Puerto Rico at present is an important producer of cane sugar 
mainly because of the benefit of tariff-free access to the United States, 
the world’s greatest sugar market 18 

Requirements of Commercial ^JuJe Production Exacting. Although 
jute may be grown m many tropical places, its cultivation is confined 
almost exclusively to the eastern part of the lower Ganges-Brahmaputra 
region, especially that area which lies east of the Brahmaputra (See 
Fig 102 and note the insert in the lower left-hand comer) Here 
nearly 3% billion pounds of jute are produced annually on about 
2,800,000 acres of land The successful cultivation of the crop in 
this place is due to a combination of factors— good soil, an abundance 
of ram during the growing season, suitable water for retting purposes, 
and cheap labor. In addition, this area receives a moderately abundant 
rainfall even before the summer monsoon has developed 

Methods of cultivation as related ro jute production. The 
quality of the fiber and the yield per acie depend m large measme 
upon the preparation of the soil. The ground should be plowed about 
four times and all weeds removed The farming operations, however, 
are simple when compared with those of our own country, and most 
of the agricultural implements are of crude construction. Plowing 
is usually done with wooden implements that have been faced with 
iron After plowing, the rough dods are broken with hand mallets 
or a piece of timber dragged by a pair of bullocks This working of 

18 R. H. Whitbeck, "The Sugar Industry of Porto Rico,” Journal of Geog- 
raphy, Vol. 29, 1930, p 370 



248 


THE LOW-LATITUDE WET-AND-DRY REALM 



Fig. 102 Most of the sugar cane of India is grown m the Ganges Valley. All 
the jute is grown in the lower Ganges-Brahmaputra Valley (see insert in lower 
right-hand comer) Most of the tea is grown in the northeastern and south- 
western parts of the country (see inserts at bottom of figure) 
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the land prepares it for the cleaning process, for which bamboos are 
provided with projecting pins to scratch open the soil and to collect 
the roots of the previous crop. For fertilizer, farmyard manure, 
castor cake, and the water hyacinth (a weed) are exclusively used. 
In this prepared soil the seed is sown by hand, and in a noimal season 
the plant will reach maturity in about 4 months After the plant is 
cut, the fibei is separated from the stalk by being immeised in water 
from 8 to 30 days, the time depending upon the period of the yeai 
and upon the district in which the operation is performed When 
the ryot (Indian farmer) considers that the bast layeis (layers in which 
the fibers are imbedded) may be separated from the core of the plant 
with sufficient facility, the work of steeping ceases and the process 
of stripping commences immediately. 

Manufacture of jjj tb , Although practically unknown to Europe 
and America a hundred years ago, jute fiber has been used in India for 
centuries m the making of coid, twine, and various coarse fabrics 
For an indefinite period these fabrics were produced in India by hand 
looms. Machine manufacture began m 1822 when some fiber was 
sent to Dundee, Scotland, now the western home of the jute industry 
At that time Dundee was a comparatively important textile center, 
spinning and weaving flax and hemp, and the same type of plant and 
equipment could be utilized in the manufacture of this longer and 
coarser fiber Dundee exports large quantities of gunny sacks to the 
coffee districts of Brazil, to the wool-pioducmg areas of Australia, to 
the sugar fields of Cuba, and to the quebracho area of Gran Chaco, 
South America. 

For a long time India exported raw jute and only a htde of the 
finished product, such as gunny bags and cloth. The British finally 
directed attention to the possibility of manufacturing jute goods m 
India, and m the year 1858 a small consignment of machinery was dis- 
patched for Calcutta. Development of the industry, however, was 
slow because of difficulties encountered in inducing the natives to 
remain inside the factories during the period of training In addition, 
it was difficult to keep the trained operatives constantly employed 
In spite of these handicaps, however, the jute industry expanded, and 
manufactured jute ranks higher in value than raw jute among the 
exports of India, 

SisaL Unlike jute, which is grown in an area of abundant rainfall 
and moist soil, henequen, from which the sisal fiber is obtained, is 
cultivated in some of the drier parts of the realm and is especially 
important in Yucatan. In this area, climate, drainage, and soil combine 
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to cause dry conditions, but henequen, a desertlike plant, thrives in an 
arid environment The average annual rainfall of 35 inches is too scant 
to supply the moistuie needed by most crops grown in this region, 
chiefly because of rapid evaporation under the intense heat of the 
tropical sun In addition, rock and soil make the land even more arid 
Water passes lapidly through the thm, stony soil of this area, escaping 
in numerous underground channels that have been formed m the soft 
limestone rocks In some places the roofs of the underground channels 
have fallen, theieby foirmng limestone sinks and a karst topography 

From time nnmemoiial the Indians of Yucatan have used the native 
henequen fiber foi making ropes But its present importance may be 
said to date from the Spanish- Amencan War, when the export of 
Manila hemp was temporarily cut off, and today henequen fiber meets 
almost exclusively the ever-growing demand for binder twine, sup- 
plying 80 per cent of the raw fiber used in the manufacture of that 
commodity m the United States 

There are other areas within the low-latitude wet-and-dry realm 
in which the natural environment is suitable for the production of 
henequen, yet Yucatan is the leading producer of this commodity 
The proximity of Yucatan to the United States, the largest market 
for cordage fibers in the woild, and the comparatively small cost of 
production combine with the advantages of the environment m local- 
izing the sisal industry 18 

R am i e — China Grass One of the strongest and best of plant fibers 
is obtained from ramie It is stronger than any known fiber and al- 
most equals silk in brilliance In China it is used for clothing, and m 
many parts of the woild it is also manufactured into various articles 
such as gas mantles, ropes, lines, and canvas 

Ramie grows well in various low-latitude wet-and-dry regions, it is 
known by various names— ramie in Malay countries, China grass in 
South China, and rhea in Assam It is easy to cultivate, and it thrives 
in almost any soil and in areas where sudden changes of temperature 
do not occur Under these conditions two to four crops a season 
may be secured, each crop yielding about 4 tons of stem per acre 
With only two crops per acre and 4 per cent yield of fiber, the re- 
sultant fiber would reach nearly one-third of a ton per acre. 

Although this plant may be cultivated extensively and yields an 
abundance of fiber, future development will not be rapid unless some 

18 For an excellent article on the sisal industry see “Sisal Production in Semi- 
And Karst Country of Yucatan," by Alice Foster, Journal of Geography j Vol 
29, 1930, pp 16-25 
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device is found whereby the fiber may be quickly separated fiom the 
rest of the plant In China, where labor is abundant and cheap, the 
fiber is removed by a slow and tedious process of hand laboi Many 
decorticators have been invented to do this work, but they have not 
proved successful, since they bruise or otherwise injure the fiber and 
they do not squeeze out the gum thoroughly. In addition, the prob- 
lem of producing ramie is handicapped by the varied lengths of the 
fiber, as spinning is rendered difficult unless the fibers are separated 
into uniform groups or cut into satisfactory lengths 

Cotton The low-latitude wet-and-dry realm is second only to the 
humid subtiopical regions m the production of cotton and gives prom- 
ise of a relatively greater increase in production in the future (Fig 
103). If we examine the environmental complex of this realm, m its 
relation to cotton production, we find a year-round growing season— 
a distinct advantage over humid subtropical regions because of the 
possibility of growing perennial varieties of cotton But many other 
factors must also be considered In some parts of the realm, rainfall 
is either deficient or irregular and irrigation must be provided, else- 
where the soils are poor, in still other areas labor is scarce There 
are, however, regions in this realm in which environmental conditions 
of site and situation so favor production that large quantities of this 
fiber are grown India, for example, is one of the major cotton- 
producing countries of the world, and certain parts of the African 
Sudan and Brazil are developing rapidly, giving promise of consider- 
able expansion in the future 

Cotton production in India Historically there is every reason to 
believe that India was the original home of the cotton plant— m the 
eastern hemisphere at least— and there are records of cotton in India as 
far back as 800 b c Until recently, India was surpassed only by the 
United States m the production of cotton In 1938 Russia stood sec- 
ond (see text p 509) The greater part of this Indian cotton is 
grown m the rolling upland of the Deccan, a land of light rainfall 
and black, fertile soils The importance of this area as a cotton pro- 
ducer has been a major factor in making Bombay, a center located 
west of this region, the principal cotton-manufacturing city of India. 

The rainfall of the Deccan of India is uncertain Years of plenty 
are followed by years of dearth, and drought frequently injures the 
cotton crop The solution to this problem in many areas would be 
to build a more extensive system of irrigation, especially by means of 
canals. But large parts of the Deccan contain such rugged topography 
and such deeply imbedded river channels that canal irrigation would 
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be an unprofitable enterprise. In some such sections, however, tank 
irrigation has been developed (Fig 104). 

The rainfall of the Deccan is not only lnegular but also concen- 
trated mainly m the summer season The period of cotton production 
is therefore narrowly limited, especially where irrigation is practiced 
little or where it is utilized in the production of other crops Under 



TANK IRRIGATION 

SCALE? 5 m ILES 


Fig 104 Tank irrigation in India (GSographle untverselle , Annand Collins, 
'■TSTJO^rTome IX, p 341 ) 

such conditions the Indian cotton production has been confined largely 
to the poorer grades or short-staple varieties, winch are better suited 
than long-staple cotton to the short period of rainfall 
The chief cotton-producing region of India is sometimes called the 
black-earth belt. The name is derived from the soil color, which has 
resulted from the decomposition of the basaltic rocks which cover 
about 200,000 square miles of peninsular India. This black soil is 
extremely fertile, especially considering its tropical location (pp. 98- 
99) and remains productive although ciopped for hundreds of years 
A peculiar characteristic which makes it very valuable in the dry 
climate of this area is its remarkable tenacity of moisture. Instead of 
allowing the ram to drain away, it becomes a tenacious mud during 
the wet season. 
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The future development of India’s cotton industry depends mainly 
upon the production of more lint per acre and not upon the expansion 
of the cotton acreage. Although India is the second largest cotton- 
producing country in the world, its per acre production is extremely 
low, being only 91 pounds in 1937 Since raw cotton is normally the 
leading item of India’s export trade, an increase in the production of 
this commodity, especially when the increase is associated with the 
production at lower cost, would enable the Indian people to obtain 
from abroad additional economic goods that are lacking within the 
country 

Large potential region for cotton in Brazil In normal years 
Brazil ranks fifth in the world as a producer of cotton, and here there 
seems to be ample room for rapid expansion This prospective de- 
velopment is based upon several major favorable conditions m the 
environment of Brazil (1) a large potential cotton-growing area, 
estimated at more than 75,000,000 acres, (2) a climate that is generally 
favorable, and (3) suitable soil Credence is lent to the large estimated 
acreage by the fact that fifteen of the eighteen states of Brazil are 
already producing cotton In commercial quantities The existence 
of suitable soil and climate is evidenced by the high yields— as much 
as 890 pounds of lint cotton to the acre— and the average yield per acre 
is more than 130 per cent of that m our own country Moreover, 
land is cheaper in Brazil than in the United States, the boll weevil as 
yet has not spread its ravages, and, owing to the tropical climate, long- 
staple perennial varieties of cotton may be grown Yet Brazil’s pro- 
duction is only 15 to 20 per cent of that of the United States. No 
doubt, the intensive interest in coffee plantations, with specialization in 
production, storing, and marketing of coffee, accounts in large part 
for the underdeveloped status of cotton growing Moreover, laborers 
m general are unskilled and unfamiliar with the cultivation and 
handling of the crop 

Cotton production developed in African regions Other low- 
latitude wet-and-dry regions of considerable potentiality m the grow- 
ing of cotton are found m the Sudan of Africa and territory of 
Uganda In Uganda, 1,072,000 acres of long-staple cotton were har- 
vested in 1944-1945 Here climate and soil are favorable, and insect 
pests cause little loss In the Anglo-Egyptian Sudan the British have 
been interested in fosteiing cotton culture. One of the outstanding 
and promising fields of operation is the Gezira irrigation project in the 
Anglo-Egyptian Sudan, During 1940-1946 the Anglo-Egyptian Sudan 
produced more than 300,000 bales of cotton annually 
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Rice. Although the use of rice antedates history so far that we 
have no knowledge when its cultivation first began, it seems to have 
originated in this climatic realm, being the only cereal that still gi ows 
wild in India It is the major cereal of the millions of the Far East 
and the Orient, and these densely populated regions of Asia would 
indeed be seriously handicapped without it 
The rice production of the world is essentially confined to three 
major climatic realms— the humid subtropical, the low-latitude wet 



Fig 10J World rice production. Each dot represents 200,000,000 pounds 


and dry, and the tropical ram forest. Of these the low-latitude wet- 
and-dry realm is most important (Fig 105) It contains India, where 
the average annual production reaches approximately 70 billion pounds 
of cleaned rice It also contains the chief rice-exporting countries of 
southeast Asia. 

Rice the most widely cultivated cereal in India _ In India, nee 
is the major crop in the Lower Ganges and Brahmaputra Delta regions, 
Bihar and Orissa, the west-coast and the east-coast lowlands, and m 
the Sind (Fig 106) The practice of growing the rice, however, 
differs in the various parts of the country, depending largely on the 
climatic conditions of die various areas In the Lower Ganges-Brahma- 
putra Delta, with its abundance of moisture, its low-lying alluvial 
soils, and its dense agricultural population, two or more crops of rice 
may be grown annually Here several varieties are produced, depend- 
ing on the depth to which the valleys are flooded, some of the larger 
plant? attaining a height of more than 10 feet m the more deeply sub- 
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merged part of the valleys In most of the othei paits of India rice 
culture depends largely upon irrigation— well irrigation m the Middle 
Ganges Plain, tank irrigation in Bihar and Orissa, and canal irrigation 
in the Upper Ganges Plain 



Fig 106 Rice acreage in India and Ceylon (U S Department of Agriculture ) 


Rice production in Ceylon On Ceylon, an island of dense popula- 
tion and intensively cultivated land, rice may be seen growing high 
up the slopes of the hills and mountains In traveling from the sea- 
coast to interior Ceylon, one may see numerous small nee fields, one 
rising above the other, forming a- veritable giant flight of gentle water 
steps. Here are evidences of a tremendous amount of hand labor in- 
volved in keeping these terraced slopes in the proper condition for 
nee culture. Too much water or poorly constructed banks may cause 
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landslides and consequent ruin not only to the terraces that give way, 
but to the ones below as well, too little water will check maximum 
yields of the crop 20 

Rice production in China. In the wet-and-dry region of south 
China, rice cultivation flourishes in the valley bottoms and on terraced 
hillsides In this densely populated region rice is the most important 
crop, in some places three crops are produced in a year by reason of 
the favoiable climatic conditions 21 In this region the lamfall is abun- 
dant, falling throughout the year, but principally during the summei 
monsoon. Along the coast the average rainfall is 80 inches and above, 
decreasing to less than 40 inches farther inland 
Commercial production of rice In densely peopled areas nee is 
consumed at home, very little being exported, in sparsely populated 
areas lice is an important item in the export trade Thus the Ganges 
Plain and south China, though large rice-producmg regions, are minor 
exporters of this cereal The Lower Ganges Plain, with its population 
of more than 550 per square mile of land, constitutes one of the major 
rice-consuming as well as rice-producing regions of the world In 
densely populated China rice exportation is usually prohibited On 
the other hand, the sparsely populated countries such as Burma, French 
Indo-Chma, and Thailand are important in the export trade of this 
commodity (Fig 107) In the latter areas tropical jungle covers much 
of the land, and even upland nee is planted here and there m small, 
widely scattered clearings in the forest thickets 
Rice is grown also in various other low-latitude wet-and-dry regions 
of Africa, South America, and Central Amenca, but in none of these 
regions is it as important as in southeast Asia 
Millet and Sorghum People living in oar latitudes are unable to 
appreciate the 'ihist importance of millet and sorghum There are 
many varieties of these plants, and they are used for many purposes. 
Some are grown for food, others for forage only, and some for fuel. 
But in India, South China, and the savanna regions of Africa their 
most important use is as a food for man 
In India three varieties of millet— jowar, bajra, and ragi— are widely 
cultivated and constitute the most important cereals in the entire 
south-central part of the country. Jowar and bajra are grown m the 
northern part of this area, and ragi in the south Ragi yields more 

20 Ceylon falls into two types of climate— low-latitude wet-and-dry, and rainy 
low-latitude. 

81 Julean Arnold, “China, A Commercial and Industrial Handbook,” Trade 
Promotion Series No. 38, U S. Department of Commerce, 1926, p. 9 
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abundantly than the other two millets on relatively sterile soils, hence 
it finds a prominent place m the crop lotation of the southern part 
of the Deccan, an area of geneially poor soils derived from crystalline 
rocks. 

Sugar Cane. This is the climatic realm m which the cultivation of 
sugai cane has reached its maximum development, more than 80 per 



Fio 107 Rice planting near Rangoon, Burma This primitive method of rice 
planting prevails in the Orient 


cent of the world’s crop of cane being grown here Such marked 
development of cane-sugar production attests a favorable combination 
of environmental conditions. 23 The year-round growing season, the 
frequent showeis (about 50 to 60 inches of rainfall per year), and the 
relatively dry harvest season are conditions that bring forth maximum 
yields. On the other hand, cool or cloudy weather or drought during 
the growing season is likely to stunt growth, making short joints m the 
cane, resulting m a reduced tonnage, an increase in fiber, and a reduc- 
tion in the sugar content. 

Cane sugar versus beet sugar Sugar cane is the most important 
raw material used in supplying mankind with sugar, 60 to 70 per cent 

** V. S, Department of Agncttlture Yearbook , 1928, pp 879, 880 
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of the sugai of commerce coming from cane and the remainder from 
sugar beets The chief increase in cane production came duiing 
World War I, at the expense of the output of beet sugar. In the five 
years just preceding that war, out of an average world production of 
18,400,000 short tons of sugar, 8,500,000 tons (46 per cent of world 
production) were produced from beets In the five years following 
the close of the war, only 4,700,000 tons of sugar (25 per cent of world 
production) were produced from beets 23 The great falling off in 
beet-sugar production was due to the fact that Europe, the focus of 
the war, was also the center of the beet-sugar industry These coun- 
tries no longer found an outlet for their surplus sugar and consequently 
the acreage and production declined Thus in 1913-1914 Germany 
produced 2,900,000 tons of beet sugar, but by 1919-1920 her produc- 
tion had fallen to only 800,000 tons 

This decline of the beet-sugar industry stimulated the production 
of cane sugar, especially in Cuba, where, even before the war, in fact 
since the reciprocity treaty of 1903, production had increased 
rapidly , H with subsequent heavy investment of American capital in 
the Cuban sugar industry. In spite of the increased production of 
beet sugar between the two world wars and the world-wide depres- 
sion of the 1930’s, Cuba still leads the world in the production of 
sugar for export Furthermore the island republic is capable of 
greatly increasing her output if the demand warrants such develop- 
ment. 

Coban prosperity depends upon sugar Sugar cane is a basic factor 
in the national economy of Cuba. It constitutes the chief source of 
wealth From the standpoint of value, raw sugar, refined sugar, and 
molasses together constitute 80 per cent of all commodities exported 
In short, sugar is to Cuba what textiles are to England, coffee to Brazil, 
and wheat to Canada. 

A significant feature of the recent development of the Cuban sugar 
industry is that it takes place in the eastern part of the island. Al- 
though excellent land still exists in the western part, the long period of 
cultivation has diminished its fertility On the other hand, the eastern 

“US. Department of Agriculture Yearbook , 1923, pp 215, 216 

24 In 1901 a reciprocity treaty was negotiated granting Cuba a preferential 
tariff rate— 20 per cent less than the full duty— on all Cuban products exported 
' to the United States This concession, so long as full-duty sugar continued to be 
imported in considerable quantities, operated rather as a bonus to the Cuban 
producers than as a benefit to American consumers, and therefore stimulated 
production in Cuba 
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section contains virgin soils, and until recently this area has been 
jungle land, which, when cleared and fitted for cultivation, is extremely 
fertile and yields laige crops at a low cost. 

World War II disrupted much of the beet-sugar industry of Eu- 
rope and once again the world experienced a sugar shortage Conse- 
quently the production of cane sugar was again stimulated In post- 
war Europe, the beet-sugar industry is again being encouraged and 
sooner oi later the cane-sugar industry will be depressed 

Cuba’s location in the tropics gives hei ideal temperature and rain- 
fall for the giowmg of sugar cane The environmental conditions are 
indeed so favorable that the crop is usually a perennial one When 
the cane is harvested two courses may be pursued with reference to 
the next year’s crop If the roots are left in the ground, new shoots 
or ratoons will spring from them, and a crop may thus be obtained 
without further planting Or a certain proportion of the crop of 
canes may be planted in furrows Sprouts spring from the joints and 
provide the next crop So admirably adapted to the growth of cane 
are the soil and climate of Cuba that it may often be profitably 
ratooned for ten or more years In Louisiana, on the other hand, the 
cane can grow foi only eight or nine months before it is cut because 
of danger from frost 

In Cuba, sugar cane is produced by large estates which have their 
own mills, or centrals, from which railways or tramways radiate, but 
the greater part of the crop is grown under control of tenant planters, 
called colonos So much hand labor is involved m harvesting the 
crop that it is necessary to import laborers from nearby areas Large 
numbers of Jamaicans and other West Indian Negroes come for the 
sugar harvest (Fig 108) , some also come from Spain and the Madeira 
Islands, but there are never enough Shoitage of labor is the chief 
problem that has to be faced by die planters 

India’s cane sugar confined mainly to the Gangetic Plain. India 
long ranked second only to Cuba in sugar-cane production. But 
within recent years India has become the world’s leading producer of 
cane sugar because of limitations imposed upon the industry m Cuba 25 
Although the crop is grown throughout most of peninsular India,, the 
chief area of production embraces the middle and upper regions of 
the Gangetic Plain (Fig. 102) Here the crop is planted during the 
dry season, usually February to April, irrigated by means of wells 

85 Many countries have, at times, placed high import duties or quotas on 
sugar These restrictions have made xt difficult for Cuba to find markets for 
as much sugar as she formerly exported 
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and canals, and harvested from ten to fifteen months after the time 
of planting The fertile alluvial soils, the high temperatuies through- 
out the year, the abundance of rainfall during the summer monsoon, 
and the dense agricultural population are factors to which the produc- 
tion has adjusted itself in this part of the country Labor is super- 
abundant and cheap Owing to the dense population, most of the 



Fig 108 Hauling sugar cane in a new-style cart in Cuba, which ranks first or 
second in the production of sugar (Courtesy United Fruit Company.) 


crop is consumed at home in the form of gui, a low grade of soft 
brown sugar. In spite of the large sugar-cane crop of India, the 
country does not normally produce enough for her own needs, but 
imports sugar m large quantities Since 1937 her exports of tins com- 
modity have at times surpassed the imports 
Sugar production in Java. In Java the cultivation of sugar is a 
very old industry, and it has been subjected to many vicissitudes 
Sugar cane is grown chiefly m the eastern part of the island, since it 
is here that the climate is the low-latitude wet-and-dry type, the 
western part being an area of tropical ram forest. Unlike Cuba with 
a relatively sparse population and extensive cultivation, Java has 42,- 
000,000 people and practices intensive methods of agriculture. In 
Cuba, new land is cleared for the sugar crop, whereas in Java a rota- 
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tion of crops is piacticed so that the soil fertility may be maintained 
and maximum yields obtained, not only of sugar, but also of other 
food crops. A common practice consists of growing sugar cane one 
year, then following it with a legume, aftei which corn and beans are 
planted 

Brazil the chief sugar producer of South America In Brazil, 
sugar cane is produced in the northeast part - of the 'country, where 
theie are excellent natuial conditions for the growth of the crop 
Here sugar cane has been grown for a long time, in fact, at the time 
of the early settlement of the United States, the east coast of Brazil 
was the chief source of supply for the markets of Europe The crop, 
however, declined m importance with the discovery of gold and dia- 
monds m the interior, and subsequently with the freeing of the slaves 
who worked on die plantations At present, production is handi- 
capped by the lack of intelligent, industrious workers for the planta- 
tions as well as the mills Moreover, the Brazilian planter found it 
increasingly difficult to compete with the more modern plantations, in 
Cuba, Hawau, and other parts of the low-latitude wet-and-dry realm 
Brazilian sugar is, therefore, not very important in international trade 

Sugar-cane production of the Hawaiian Islands Sugar cane was 
first introduced into the Hawaiian Islands m 1837, after which the 
industry developed slowly until 1876, when it was greatly stimulated 
by the reciprocity treaty of 1876, by virtue of which sugar and various 
other products of Hawaii weie admitted to the United States free of 
duty This simply resulted in a bonus of about two cents per pound 
to the Hawaiian pioducers, which greatly stimulated their industry 
Export shipments of sugar increased from 13,000 tons m 1876, the 
year in which the treaty was made, to 130,000 tons in 1890 This 
rapid increase was facilitated by the extreme fertility of the volcanic 
soils of recent origin, together with the regulation of the water supply 
on some of the plantations by means of irrigation Scientific agri- 
culture under these favorable conditions has given Hawaii first place 
among all countries in cane-sugar yield per acre Here huge irrigation 
projects have been established, and intensive cultivation and heavy 
machinery characterize the industry. 

Puerto Rican sugar production and the tariff In Puerto Rico 
the industry may be said to date from 1515, when sugar cane was in- 
troduced from the neighboring island of Santo Domingo, Under the 
encouragement of the Spanish government, which made loans to 
planters, the industry gradually developed. Since the American oc- 
cupation, growth has been rapid, old methods of production and man- 
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ufacture have been discarded, an experiment station has been estab- 
lished, railroads have been built, and an irrigation project for supply- 
ing watei to the dry southern coastal region of the island has also 
been put into effect 

Although Cuba has a distinct advantage in producing sugar at lower 
cost, Puerto Rico is favored m its tariff relations with the United 
States The Puerto Rican sugar enters the United States maiket duty- 



Fig. 109, A sugar null and cane plantation, San Jos6, Calauna, Taguna (Courtesy 
U S War Department,) 


free In fact, “there is no doubt that the tariff benefit Is the greatest 
single advantage enjoyed by the Porto Rican sugar growers ” 80 

Cane sugar in the Philippines Sugar cane has been grown m the 
Philippine Islands for a long period of time Indeed, even Magellan 
reported its presence after his voyage around the world At present 
this crop covers approximately 593,000 acres of land, and it is the most 
valuable export of the islands, about 85 per cent of which is sent to 
the United States, 

For many years the sugar industry suffered severely from backward 
methods in the technique of sugar production, but conditions m this 
respect are improving gradually In 1916 more than 90 per cent of 

28 R H Whitbeck, “The Sugar Industry of Porto Rico,” Journal of Geog- 
raphy, Vol. 29, 1930, p 370 





264 


THE LOW-LATITUDE WET-AND-DRY REALM 


the Philippine sugar exports were in the form of muscovado, a crude 
pioduct like the gur of India By 1940, modern mills were turning 
out more than 80 per cent of the total crop as standardized centrifugal 
sugar (Fig 109) In cane varieties similar progress has been made. 
Planters aie tiymg out the best of the Hawaiian and Javanese canes 
and are developing some excellent varieties of their own 



Fig 110 Tea pickers on a vast plantation in the highlands of Ceylon (Pub- 
lishers Photo Service) 


More than 90 per cent of the cane is produced by the tenant system 
With few rare exceptions, the mill companies own no cane land but 
mill the cane for a percentage of the sugar The tenant or actual 
grower thus has a detailed contract with the landowneis foi the use 
of the land and another with the mill for the grinding of his cane. 

v Tea— Its Commercial Importance m the Low-Latitude Wet-and-Dry 
Realm The tea plant is indigenous to .south east Asia, having orig- 
inated somewhere m the highlands of South China, Indo-Chma, oi 
India. The plant, however, has spread out of the realm, poleward into 
the humid subtropical regions, and equatorwaid into the rainy low 
latitudes. “Climatically tea belongs to low latitude areas where high 
temperatures, long growing season, and heavy, well-distributed rain- 
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fall favor a rich, continuous, and rapid growth of new tender shoots 
Such conditions are found in southern India, Ceylon (Fig. 110), and 
the Netherlands East Indies where there is no dormant season for the 
tea bush and picking continues throughout the entire year ” 27 
Tea requires fertile but well-drained soil as well as much moisture, 
a combination usually furnished best upon hillsides Given good drain- 
age and a fertile soil, the size of the crop will depend upon the abun- 
dance of moistuie and uniformity of temperatuies throughout the 
year, since these are conditions which stimulate growth and the de- 
velopment of new tender shoots and consequently govern the numbei 
of pickings that may be made during the year. 

In the production of tea, China probably ranks first, but in export 
India leads all others. In South China, tea is grown m family gardens 
for home use Its origin seems to have been an attempt to make 
pleasant the habit of drinking boiled water, a necessity recognized 
long ago by a population living on a land in which sanitary conditions 
are greatly affected by density of population and primitive conditions 
Most of the tea acreage of India is in the northeastern part of the 
country— m northern and eastern Bengal, in the upper Brahmaputra 
Valley, and in Assam (Fig. 102) In fact, about four-fifths of the 
tea acreage of India is in this northeastern area, the remaining acreage 
being in the southern part of the peninsula, in the Nilgiri Hills The 
tea districts are situated either on the hills or m the plains. The tea 
from the hill districts is of a fine flavor, but less is produced per acre 
than on the plains. In the hills of Assam most of the tea plantations 
consist of small patches of cleared land in the monsoon forest. 

Ma t6; The Tea of the Plate River Basin. Mat6 is the name given 
to tKe dried leaves of trees that are widely scattered in South America 
These leaves resemble the leaves of ordinary tea very closely in chem- 
ical composition In addition, they are prepared in the same general 
way for use as a beverage, and they have the same effect upon the 
system as the teas of China, Ceylon, and India 
Although mat6 trees are found in various parts of South America, 
the species most suitable for making tea ( Ilex paraguay ensts) is utilized 
commercially only within a relatively small area. This mat6-produc- 
ing unit embraces the Plate River Basm of Brazil , eastern Paraguay, 
and northeastern Argentina. In this area mat6 production is further 
limited to suitable sites Thus the msti trees are usually not found 

27 See Glenn T Trewartha, “The Tea Crop,” Journal of Geography, Vol 28, 
1929, p. 1 
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along the major rivers within a belt which may vary from 10 to 30 
miles m width, but rather m depressions in the foothills of moun- 
tains 88 

Although ma.t6 is pioduced in large quantities m Biazil, Paraguay, 
and Argentina, only the first two countries export the product in note- 
worthy quantities In normal yeais, Brazil produces approximately 
200,000 tons of mate and exports 40 per cent of this amount to Argen- 
tina, Uruguay, and Chile Argentina produces appioximately 20,000 
tons of this commodity annually, but, because of the heavy consump- 
tion within the country, imports an additional 100,000 tons of mat6 a 
year. Paiaguay produces from 12,000 to IS, 000 tons of mat6 annuallv 
and expoits more than. half of this amount to Argentina 28 

SOCIAL RESPONSES 

This tropical realm with its rhythm m rainfall and temperature has 
had a pronounced effect upon the civilization produced within it 
Owing to the high tempeiatures throughout the year few clothes are 
necessary, except along the poleward margins of the realm Yet dur- 
ing the diy season the temperatures become sufficiently cool so that 
some clothing is essential in order to keep comfortable Hence the 
textile ait was early developed here, since the raw materials are ever 
present in the fibers of leaves, husks, and glasses, and m the wool of 
animals. Materials are also plentiful for sheltei, which is constructed 
in many places from bamboo, the palms, and various woods of the 
monsoon foiest In the wetter parts of the realm the houses are raised 
on stilts, in some areas they are constructed in tall trees, affording 
protection against floods, stagnant air, insect pests, and wild animals, 
In other regions termites make lat'ge buildings of wood unsafe. As a 
rule, the houses at their best are temporary structures, piovidmg only 
for the simplest needs of the family. 

Owmg to the dangers imposed by the abundant animal life of the 
savannas and forested areas, the family unit has been expanded into 
the larger social organizations for protection. Within the family unit 
itself, woman tends toward equality with man, since she is actively 
concerned with the production of a surplus She is a farmer, a 
domesticator of animals, and she also spins and weaves the clothes for 
the household 

28 C R Cameron, “Mate An Important Brazilian Product," Journal of Geog- 
raphy, Vol, 29, February 1930, p $6 

88 Op, at,, p, 68 



POPULATION CONTRASTS 


267 


POPULATION CONTRASTS 

Throughout most of these regions the population density is greater 
than that of the equatorial forests on the one hand or the desert and 
steppe on the othei, but there are sharp contrasts within the realm 
itself A population map of the world (Fig 47) shows an exceedingly 
dense distribution of people in some parts of the realm, whereas stall 
other areas have been sparsely settled 
Areas of Dense Population Regions such as the Indo-Gangetic 
Plain and South China contain some of the densest agricultural ag- 
glomerations on earth These areas have been subject to human in- 
filtration from the continental interior throughout all histone tune 
The more advanced peoples, who were the last to descend upon these 
regions, stamped them with their own social and political institutions 
Here human settlements consist of countless little hamlets, the bound- 
aries between which aie often difficult to distinguish “Innumerable 
little farms, identical in appearance, dozens of mud houses with a few 
scattered trees, are huddled together Rarely does one see a largei 
village ” 80 

Also the population increases as one approaches the zones along 
which different modes of life come in contact This occurs between 
the jungle and savanna as well as between savanna and steppe “Mai- 
kets, sometimes cities, spring up at these points of contact, or rather 
of weldmg, for such zones are bonds between divergent groups ” 81 
Sparsely Populated Lands. A dense population, however, is not 
characteristic of all portions of the realm The Sudan, the Llanos, the 
Chaco, Matto Grosso, and northern Austraba are among the sparsely 
populated areas, the environments of which are less favorable foi 
human settlements All these regions were remote from centers of 
early civilization, hence they have been subject to slight human in- 
filtration In some places dense forests, teeming with wild animal 
life, inhibit human expansion, in others, vast stretches of grassy and 
scrub-wooded plains interspersed with large bogs or swamps 
(morichales) offer a precarious subsistence for the sparse population 
The difficult problems resulting from the presence of dense forests 
are well illustrated m northeast India, in Burma, and in places along 
the margins of the African Sudan and Amazon Basin, where forests 

30 Rewntten by permission from Principles of Human Geography, by P Vidal 
de la Blache, Henry Holt & Co , New York, 1924, p 98 

31 Op. ett , p. 55 
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stand as veritable bulwarks against human expansion In them clear- 
ing of the land is rendered difficult by the rapid growth of tiees and 
brush, in them the danger from insects— the most deadly animals of 
the tropics— and wild animals is gieat Here the lurking tiger, the 
stampeding elephant, the poisonous snake, and the death-dealing in- 
sect all have caused immense loss to the native tubes One of the 
gieatest obstacles to the cultivation of tea m the cleared patches in 
the forests of Assam has been the tigei, which, watching an oppor- 
tunity, pounces upon a lone native and carries him off into the forest 
thicket. 

The landscape of the spaisely populated Llanos is vividly poitrayed 
by a man who traveled from Ciudad Bolivar to Barcelona 

I chose upstream, and quickly plunged again into another monchale, such 
a jungle and swamp, filled with the odor of rotting vegetation, as only wild 
men or lost ones attempt to fight their way through Plants with shark’s teeth, 
sabre cacti with hook-shaped horns and needle points along the edge, upright 
sprays of vegetable bayonets, grappled and pierced clothes and skm Through 
this mass I waded for perhaps two hours, by no means certain there was an 
end to it, but finally, with legs and feet a patchwork of cuts and scratches, 
and my shirt in rags, I came out upon another vast tuft-grass and sandy prairie 
On diese immense scrub-wooded plains, crisscrossed m every direction bv 
narrow cowpaths, but rarely by human trails, a man might wander until he 
choked or starved 83 

In the Llanos of Venezuela, wars and an unstable government have 
also prevented the population from increasing, in fact, more prosperity 
was evident there during the 1890’s The money spent, the lives lost, 
the livestock killed, and crops ruined, all have been detrimental to 
the llanero, the inhabitant of the Llanos, “Sparse as is the population, 
it is rather a mattei of surprise that the number of inhabitants is so 
great rather than it is so small During the period of seventy-five 
years there have been no fewer than seventy-six revolutions During 
sixty of these years the country has seen two armies almost con- 
tinuously in the field” 83 Under such conditions foreign capital is 
not attracted to the country for the exploitation of its natural re- 
sources, hence land, abundant land, the one great resource of the 
Llanos, is as yet but slightly developed. 

Other causes, such as slavery, pestilence, and famines, have operated 
to keep a sparse population in many portions of the realm. As pre- 

83 Rewritten by permission from Working North from Patagonia, by H A 
Franck, The Century Co , 1921, p. 626 

88 Rewritten by permission from Up the Orinoco and Dovm the Magdalena, 
by H. J, Mozans, D Appleton & Co., 1910, p 135 
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viously stated, famines are common in most of the legions and have 
decimated whole areas 


CONCLUSIONS 

The intermediate location of this realm— except monsoonal south- 
east Asia— has resulted m less enervating climatic conditions than those 
of rainy low-latitude regions and more abundant rainfall than m the 
desert and steppe. The rainfall, however, is frequently irregular m 
occurrence m many parts of the realm, resulting in years of plenty 
followed by years of dearth, years of feast followed by spells of 
famme 

Throughout the realm a seasonal distribution of rainfall is experi- 
enced, the ram falhng chiefly during the summer, leaving the remainder 
of the year relatively dry. This marked periodicity in rainfall has been 
matched by a periodicity in the plant and animal kingdom Plants 
spring forth m the rainy season, furnishing feed for animals and food 
for man. Animals quite frequently store a surplus for the dry season, 
or they migrate into wettei lands The farmer plants and cultivates 
his crops during the rainy period and stores a surplus for the season 
of dearth 

Some parts of the realm are densely populated and intensively cul- 
tivated, others are inhabited only by a few savage tribes Some parts 
offer great opportunities for future economic and social progress, 
others are more or less stagnant when measured with the present-day 
yardstick. But in general, owing to the year-round growing season, 
the abundant rainfall in large areas, and the vast expanses of virgin 
soil almost untouched by man, this realm as a whole is increasing m 
productivity and is furnishing materials foi man locally as well as 
commodities for export to colder lands Included within tins realm 
are the densely populated monsoonal areas of the tropics— lands of 
abundant food 
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Chapter 8 


THE LOW-LATITUDE DESERT 
AND STEPPE 


The population map of the world (Fig 47) indicates an extremely 
irregular distribution of people Conspicuous blots representing 
human agglomerations stand in sharp contrast to large light-colored 
patches showing sparsely settled or uninhabited land Some places 
are too hot and wet for man to prosper, others are too cold, and still 
others have excessive heat and drought In fact, “most of the earth is 
too something or other” to make a pleasant home foi man This 
condition is especially true within the tropics, where the area of desert 
and steppe is vast More than one-half of all the land lying between 
the parallels of IS and 35° latitudes is classified as desert, and much 
of the remainder receives light or unreliable rainfall Five thousand 
miles of desert stretch from northwest India to the west coast of 
Africa, extending over an area larger than that of the United States 
The desert of Australia includes about two-fifths of that continent, 
and other tropical deserts embrace seveial hundred thousand square 
miles of land 

These and regions, whether uplands or lowlands, are found in their 
greatest extent in the trade-wind belts, embracing the deserts and 
steppes of Arabia, Persia, Sudan, Sahaia, South Africa, and central 
Australia (Fig 111). Wherever they occur they present the same 
general characteristics of climate, flora, fauna, and even of land sur- 
face; and where populated they are inhabited by nomads of pastoral 
or hunting tribes. In them the movement of peoples reaches its maxi- 
mum Here the hunting savage makes the widest sweep in pursuit of 
his game, here the pastoral nomad follows his systematic wanderings 
m search of pasture as well as of plunder 1 

1 Ellen Churchill Semple, Influences of Geographic Environment, Henry Holt 
& Co , 1911, p. 483. 
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Yet, here and theie ovex these vast stretches of barren rock, sand 
dunes, and adobe, axe scattered small settlements 01 groups of settle- 
ments In some places these human agglomerations are grouped in 
circulai fashion about a well or depression. 3 Here the presence of 
water is manifested by the luxuriant giowth of vegetation and the 
caiefully cultivated fields In othei places, as in the valley of the 
Nile and in many of the oases of coastal Peru, northern Chile, north- 
western Mexico, and othei deseit areas, the settlements are strung 



Fig 111. World distribution of the low-latitude desert and steppe. 


in linear fashion along the banks of streams— the life-giving waters 
which have come from more humid regions 

For hundreds of years the agricultural products of the oases have 
entered widely into world trade During the last century, however, 
the mineral products of the true desert have also taken an important 
place in the economic life of industrial nations This is especially true 
of the sodium nitrates of Chile. These reserves of mineral salts, read- 
ily soluble m water, have been preserved for countless centuries owing 
to the aridity of the region in which they occur The importance of 
these deposits is far-reaching, penetrating the economic, social, and 
political structure of many peoples. Nitrates are used as fertilizers, 
hence they are essential to food production and to life, and they are 
an essential ingredient in explosives considered indispensable for na- 
tional defense. The production of nitrate salts furnishes employment 

2 The houses are built along the outer margins of depressions so that the area 
within the depression may be devoted to crops 
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to thousands of people and has affoided millions m revenue for the 
Chilean government 

Although sodium mtiate is perhaps the most chaiactenstic mineral 
product of the desert, the value of the output is less than that of the 
copper production of and lands Still other mineials aie of increas- 
ing importance, such as potash, salt, borax, and natural soda, pioducts 
that attest the aridity of these deserts 
The daily life of the desert dweller reflects a mce adjustment to the 
climatic environment of the realm His clothes are white so that 
absorption of heat may be reduced to the minimum The shelter vanes 
from the sun-dned adobe hut suited to the needs of the sedentary 
dwellers to the light, easily transported tent adapted to the wandering 
habits of the nomad Domestic animals are the desert wanderer’s chief 
means of subsistence, and a shortage of water 01 pasture is his ever- 
present fear The nomad is dependent upon his animals for food, 
clothing, shelter, in fact, for life itself When the pastures dry out 
he faces starvation and death unless he turns to raids and plundei 
On the other hand, the sedentary peoples of the oases possess cultivated 
crops, their water supply although precarious is more reliable than 
desert rams, and their basis of subsistence is accordingly moie secuie 
Aridity has thus been an important factor 1 elated to almost every 
human activity of the desert, and it is reflected in the economic, social, 
and political adjustments of the inhabitants Thus climate is the 
dominant factor affecting man’s activities here, making possible certain 
human adjustments and excluding others, 

REGIONS OP MAXIMUM HEAT AND ARIDITY 

The climate of these deserts is marked by peculiarities and extremes 
The steady winds are interrupted by hot sand blasts and whiils, which 
are extremely trying to both plants and animals Much of the scanty 
rainfall comes in the form of cloudbursts, and after a few minutes 
of torrential downpour the sky may be clear again for weeks together. 
Changes in temperature are rapid and extreme. The relative humid- 
ity rarely exceeds 50 per cent, except in a few coastal areas, and the 
desiccating winds quickly dry up all tissue not especially adapted to 
desert conditions The sunshine is intensely bright from sunrise to 
sunset, with a truly scorching effect upon the life of the realm 
Rainfall, The amount of precipitation vaiies from one desert area 
to another, but m general it is less than 1G inches annually (Fig 112) 
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Fig. 112 Climatic graphs of typical low-latitude desert stations. 
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This extreme aridity is due primarily to the situation of the several 
areas with respect to (1) the trade-wind belts, (2) the high-pressure 
belts (tropical calms or horse latitudes), (3) mountain barriers, and 
(4) cold ocean cuirents 

Influence of trade winds and high-pressure belts In all the 
low-latitude deserts, with the exception of the Thar of India, the pre- 
vailing winds (trade winds) blow toward the equator, in many le- 
gions with such persistence that the plants lying within their path 
are bent m the direction of the wind The air is thus moving from 
higher (colder) to lower (waimer) latitudes, hence its capacity to 
hold water is increased Such winds evaporate available moisture and 
leave and conditions behind 

Along the poleward margins of the desert are situated the high- 
pressure areas of the world Here the air is warmed by compression 
as it settles towards the surface of the earth, and the relative humidity 
decreases rapidly Thus in their very origin the trade winds are dry, 
and as they blow toward the equator this characteristic becomes 
more pronounced 

Influence of mountain barriers Mountain barriers that are sit- 
uated m the path of the trades receive the maximum amount of pie- 
cipitation on the windward side, whereas the leewaid side remains 
relatively dry. This is true in the central Andes, where an abundance 
of moisture is wrung from the trade winds as they are continuously 
forced up the eastern slopes to higher and cooler altitudes By the 
time the air has reached the crest of the mountains it has lost most 
of its moisture, as it descends the western slopes it becomes warmed 
by compression, and thus evaporation rather than precipitation is the 
logical sequence. 

The contrast m life responses between the eastern and western sides 
of the central Andes is as sharp as that of climate On the lower 
eastern slopes, the heavy rainfall and high temperatures result in a 
tangle of trees, vines, and undergrowth so dense that it is difficult foi 
man to make his way through it, the lower western slope is one of 
the most desolate deserts of the world On the eastern lowlands the 
monkeys chatter in the trees and the screams of bright-colored birds 
are heard in the gloomy ram-soaked forest, on the west coast, at the 
same altitude and latitude, the cactus, rodents, and reptiles are the most 
conspicuous forms of life, except where man has entered to exploit 
the valuable mineral resources of this desert In the higher altitudes 
we find just as marked contrasts between these slopes. Similar con- 
trasts exist in Australia, where the southeast trades lose most of their 



m THE LOW-LATITUDE DESERT AND STEPPE 

moisture on the eastern highlands, leaving the vast aiea of the interior, 
desert and steppe 

Cold currents and their effect on climate Where high altitudes 
act as a hairier to moistuie-laden winds on one side, and cold ocean 
currents shut out most of the moistuie from the other side, extremes 
of aridity aie recoided Such are the conditions off the west coast 
of Chile and Peiu, where the cold, upwellmg waters of the Humboldt 
Current flow along the coast from colder to warmer latitudes Any 
winds from the west are therefore relatively diy since they blow from 
cold water to warm land, and their capacity for moisture is thereby 
increased 

This legion is so extiemely arid that for over 500 miles from 
Copiapo to Pisagua the Loa is the only river of any consequence that 
reaches the sea, and this only in years of heavy snowfall in the moun- 
tains 8 For a 21 -year period Iquique had an aveiage rainfall of only 
1 5 centimeter (0 <5 inch) and Arica (for a 19-year penod) had still 
less (0 6 millimeter) But the finding of any climatic aveiage for the 
desert is very neatly a meaningless computation There is no such 
thing as normal desert lainfall 4 Yeais of absolute drought pass, and 
when lainfall finally comes it lasts but a few minutes The cold 
Benguella Current, flowing off the coast of Kalahari, intensifies the 
aiidity to such an extent that Swalcopmund, one of the coastal towns, 
receives meiely 0 7 inch of ram per year 

The relation of relief to precipitation and temperatures The 
degree of relief is an important factor m relation to desert climates 
In the Sahara the mountains are much more favored than the plains 
both with respect to precipitation and sensible temperatures The 
southern groups of Air and Tibetsi receive a considerable lainfall 
every summer, often m thunderstorms of great violence which cause 
sudden floods in the neighboring wadis The unwary, both animals 
and men, who happen to be in then path, may be quickly swept away 
In India the moisture of the summer monsoon condenses when it is 
carried up the Western Ghats or the highlands of the interior, whereas 
the lowlands of the northwest remain dry. 

The low rainfall in the Thar Desert of India is due to a combination 
of factors, one of which has already been indicated During the sum- 

8 Isaiah Bowman, “Regional Population Groups of Atacama,” American Geo- 
graphical Society Bulletin, Vol, 41, p 202. 

4 Isaiah Bowman, Desert Trails of Atacama, American Geographical Society, 
New York, 1924, p 40 
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mei months this desert is a low-pressure center, and winds blow mto 
it from all directions. The air currents that come from the north- 
west, across the arid plateau of Afghanistan and Baluchistan, become 
even drier when they descend to the plains of the Sind and can yield 
no moisture Air coming from the north, east, and northeast has lost 
most of its moisture during its passage up the Ganges Valley, and, 
when this air descends into the basin of the Indus River, it is dried 
still moie by its descent. The Thar Desert, therefore, leceives no 
ram from this quarter To the west and southwest there seems to be a 
possible source of moisture. But the air found south of Baluchistan, 
over the Arabian Sea, has mingled with the duel* air currents coming 
from the highlands and dry lands of the Iraman and Aiabian plateaus 
An passing eastward over this northern part of the Arabian Sea, there- 
fore, contains less moisture than it otherwise would, and, as it moves 
over the plains of the Indus Valley, it crosses lowlands rather than 
highland areas, and relatively litde ram falls. 5 

Relative Humidity and Sunshine. In most of the tropical deserts 
the absolute humidity is moderately high since the air is waim and 
hence capable of holding much moisture The lelative humidity, 
however, is low Wadi Haifa, Egyptian Sudan, has a mean annual 
relative humidity of only 32, Cairo, Egypt, 56, Multan, India, 43, and 
Cassak, Australia, 53 The low relative humidity of these places makes 
the heat of midday more bearable than it would be otherwise 

There are, however, exceptions to the general rule Paradoxical 
though it may seem, in two of the tropical deserts the moist air 
actually causes discomfort Isaiah Bowman recognizes a zone, from 
sea level to 2,000 feet, along the west coast of Peru and Chile, where 
mists are very frequent and so penetrating as to cause wholesale de- 
struction of carpets, -wallpaper, and the like. 5 The mist is a persistent 
feature of the whole coast and is explained by the contact of the warm 
w’inds of the land with the unusually cold waters of the Humboldt 
Current. Likewise the coast of the Kalahari is an area of high relative 
humidity, at Walvis Bay amounting to as much as 84 per cent, and 
that m a region where less than 1 inch of ram falls annually A dense 
mist forms over this coastal area during the summer but seldom ex- 
tends more than 70 miles inland, smce the winds from the ocean be- 

5 W. G Kendrew, The Climates of the Continents , Oxford University Press, 
1922, pp 114 and 115 

8 Isaiah Bowman, “Regional Population Groups of Atacama,” American Geo- 
graphical Society Bulletin , Vol. 41, p. 147 
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come warmed as they blow over the land 7 The mist seldom appears 
dunng the winter, since air at that time of year is moving out from 
the minor high-piessuie aiea of the interior and has the effect of a 
foehn wind as it descends to the coast 

Humidity and Evaporation Owing to the low relative humidity 
of most tiopical deserts and to the absence of clouds, evaporation from 
a free water srnface is rapid, in some places as much as 150 inches a 
year These deseits also receive an excess of light at all times of the 
year, and light-loving plants such as the date palm and various xero- 
phytic (drought-tolerant) species find a favorable habitat under these 
cloudless skies 

Temperatures. In geneial, the tropical deserts are hot by day and 
cool by night The diurnal range, which at times exceeds 60° F , is 
greater than that found in any other type of climate The dry air 
and sparse vegetation favor rapid heating by day and active radiation 
by night The seasonal range is greatest along the poleward margins 
of these deserts, especially in those places situated inland and having 
extreme aridity In the higher latitudes the summei days aie long, 
and if the air is also dry, conditions aie favorable for maximum heat- 
ing Thus in Death Valley, California, the extreme shade temperature 
of 1 34° F has been recorded, and the glistening sands become unbear- 
ably hot to the travelei In Baghdad, once a mighty city, the tem- 
perature at one time reached 123° F, and temperatures of 115° F are 
not uncommon Many other places experience temperatures of more 
than 120° F The annual maximum range, frequently more than 
100° F , is greater than that of any other region except those having the 
continental types of climate Along the coasts, bathed by cool cur- 
rents, the range is much smaller than in the mterioi. Thus Callao, 
located on the west coast of Peru, has a mean annual range of merely 
8 5°F, and Swakopmund, west coast of the Kalahari, about 84°F 
On the other hand, Wadi Haifa, situated in the interior of the Sahara, 
has a mean annual range of 31° F The effect of cold ocean currents 
upon the mean annual temperatures is strikingly brought out in a com- 
parison of Swakopmund with Wadi Haifa The former place is lo- 
cated about as far south of the equator as the latter is north of it 
Yet the mean annual temperature of Swakopmund is only 59 4° F, 
whereas that of Wadi Haifa is about 77° F 

Desert Winds and Effects upon Life. Desert winds are frequently 
of great violence and may sweep up “clouds” of dust visible for miles 

i W G Kendiew, The Clhnates of the Continents, Oxford University Press, 
1922, p 62 
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A single storm may move millions of tons of sand The simoon, of 
the Sahara has been known to destroy entire caravans, death resulting 
from suffocation in the dust-laden air In desert oases that are situated 
in the low depressions of sand dunes, an incessant struggle is necessary 
to keep the windblown sand from covering the cultivated areas This 
is true m the area of the Suf (N Sahara) 

Prolonged winds are exceedingly trying to both plants and human 
beings In eastern Persia, during the summer (June to September), 
the “Wind of One Hundred and Twenty Days” blows from the north 
with such violence that m some districts trees cannot glow except 
under the lee of high walls Moreover, tourists who have to endure 
this wind state that it is one of the most trying experiences that they 
have encountered It not only renders them irritable but it also 
deadens their initiative, and they usually seek a shelter of some kind 8 
The Climate of the Steppe. Along the margins of the desert aie 
regions which receive a greater amount of precipitation Here the 
scattered tufts of desert grasses give way to the steppe The climate 
of the steppe has a distinct rhythm of rain and drought, but in con- 
trast to the low-latitude wet-and-dry regions, the season of drought 
is long, with a short period of moderate to scanty rainfall In general, 
the average annual precipitation is from 10 inches along the margins 
of the desert to about 20 inches in the more humid sections 
The climate of the steppe differs greatly from legion to region 
In Mesopotamia, rainfall is scant, slightly more than 10 inches per 
annum, whereas the steppe regions of South Africa receive about 
twice that amount. Furthermore, m some areas winter is the lainy 
season, and in others the ram falls chiefly during the summer months 
In general, winter ram is experienced along the polewaid margins of 
the steppe, it falls chiefly in summer along the equatorward areas 
Where the rain falls during the winter, or during that period of the 
year when evaporation is least rapid, 10 or 12 inches may be s uffi cient 
to turn a desert into a steppeland. 


SURFACE AND SOILS OF THE DESERT 

Many people think of deserts as level areas in which the sand blows 
more or less continuously throughout the year This is not so m 
most deserts, they are neithei flat throughout their entire extent noi 

8 Ellsworth Huntington, Civilization and Clrnate, The Yale University Press 
New Haven, 1915, pp 112, 113 
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covered m major part by sand The desert may be divided into three 
lands of surfaces— the stony surface, from which loosened waste has 
been removed, the sandy areas, made of the coarsest waste, and the 
adobe, made of finer pai tides Even in the Sahara, the world’s great- 
est deseit, the estimated sand areas do not exceed a third of the sur- 
face When suitably wateied, deserts may be transformed into feitile 
oases, since their soils are often rich in immediately available plant 
foods which have accumulated during a long period of rest These 
soils usually contain an abundance of potash, lime, and other mineral 
elements essential to plant growth 

THE PLANT RESPONSE TO CLIMATIC CONDITIONS 

Adaptation of Plants to Desert Conditions Desert conditions are 
extremely haish for plant life High temperature and low relative 
humidity are conducive to excessive transpiration. Not only is water 
hard to get, but owing to rapid evaporation it is also hard to retain 
Plants have adapted themselves in three major ways to meet these 
conditions (1) By means of a lapid lesponse to moisture, some plants 
germinate at the commencement of the lam, ripen their seeds when 
it terminates, and die forthwith (2) A large root system, branching 
out m all directions near the surface of the ground, enables some 
plants to collect enough moistuie during the rainy season to tide 
them over a period of drought (3) Finally, there is a group of desert 
plants which depends upon subterranean sources of water. Their 
loots aie long and penetrate deep into the earth in seaich of moisture 
These plants exhibit a marked xerophilous structure which directly 
points to the influence of the very dry air 0 

Transition-Zone Type of Vegetation, Along the margins of the 
deseit the scattered tufts of desert grass gradually give way to more 
solid stands of steppe vegetation 10 The grass sward of the steppe is 
frequently interrupted by bare spaces, yet in places solid stands of 
grass cover the ground Such areas are relatively extensive in South 
Africa. In the steppes of northern Afuca there are broad belts which 

11 Absence or very weak development of leaf blades, formation of thorns, suc- 
culence, thick cuticle, coatings of wax, and reduced intercellular spaces are 
xerophilous characteristics. A F W. Schimper, Plant Geography, Oxford, 
1913, p. 614 

10 Grassland, when hygrophilous or tropophilous, is termed meadow, when 
xerophilous, steppe. 
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embrace the well-known halfa grass, which is used in increasing quan- 
tities in the manufacture of paper. Along the more humid margins 
of the steppe, and as one approaches the wet-and-dry type of climate, 
trees begin to appear In general these tiees are stunted, gnarled, dwarf 
varieties But the steppe proper is an area of grassland— and pasture is 
the one all-miportant resouice 


THE ANIMAL RESPONSE 

Adjustment of Animals to Desert Environment Ceitam animals 
have adjusted themselves nicely to meet desert conditions In some 
animals this adjustment is reflected in then habit of saving, as in the 
burrowing spider, most of the bees, the ants which store food in the 
hills, and rodents and burrowers such as gophers, rats, and prairie dogs 
In color also nearly all the desert and steppe animals have responded 
to their environment In general they have the dun or tawny color 
of the surrounding sand and vegetation That is especially true of 
rabbits, mice, lizards, quail, coyotes, ostriches, antelopes, lions, and the 
camels Even rattlesnakes have protective colorings and markings 

The camel is especially well adapted to harsh desert conditions, 
he is capable of browsing on the coarse, dried herbage, which he can 
swallow whole, then at leisure regurgitate for chewing The stomach 
walls of the camel are sacculated for storage of an astonishing amount 
of water. The feet and knees are padded so that the animal may 
withstand the heat and friction of the bare rock and sand. The nostuls 
can be closed against the blowing sand and dust, and the hump is a 
device for storing fat against a time of dearth Sheep are also well 
adapted to these and conditions They have acquired the power to 
carry on physiological processes with the minimum of water, often the 
dew on die grass sufficing foi weeks together Consequently, great 
numbers of sheep are kept by the desert nomads 

Atumals of the Steppe. Owing to the more abundant vegetation, 
animals are larger and more numerous in the steppe In certain por- 
tions of Africa the large numbers of Herbivora such as the eland, 
gazelle, zebra, oryx, ostrich, giraffe, and rhinoceros make of the land 
a paradise for animals like the lion, chetah, jackal, hyena, and hunting 
dog Thus the steppe and adjoining grasslands of the tropical high- 
lands and wet and dry realm still constitute the finest big-game areas 
of the world (See pp. 240-242.) 
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THE HUMAN RESPONSE 

Human Life in Desert and Steppe The conditions of the climate 
and vegetation make the desert one of the harshest human habitats on 
earth In its extreme it is a legion of death by starvation and thirst 
Even the more promising areas afford a most precarious livelihood, 
except in the fertile oases and the mining distncts In geneial the 
population groups of the desert aie extremely small and widely scat- 
tered and aie usually distributed about streams, springs, or wells 
Strangeis aie usually looked upon with hostility This is only 
natural, since they use up part of the scanty watei and food supply 
which the nomads can ill afford to spate In writing of the Sahara, 
J W. Gregory says that single visitors or small parties aie suspected of 
being spies who come to view the land, so that the natural impulse is to 
slay them at once to prevent their returning as guides of an invading 
force This constant struggle with nature has made the people of the 
Sahara alert and observant The frequent wars with other tribes have 
made them strong, active, and reckless in battle Desert life, with its 
long, lonely watch over herds and flocks and the silent vigil kept at 
night to guard against AVild beasts or a sudden raid, has tended to make 
desert peoples emotional and moody Similar effects result from life 
on the wide sheep farms of Australia, where the lonely life of the 
boundary rider often ends in what is called “hut madness,” In addi- 
tion, the desert tends to turn the minds of its people to the spiritual 
problems of life, rendering them liable to outbreaks of religious ex- 
citement which often lead to violence against people of other beliefs 
In the area of the steppe, owing to a more luxuriant vegetation, 
primitive man found better hunting and better range for his domes- 
ticated animals Much of the area at present is occupied by pastoral 
tribes who follow then flocks from place to place 

N omads 

In the desert and steppe a nomadic mode of life prevails The 
nomad is either a hunter as m Australia or a tender of flocks and herds 
as m the Sahara The chief animals— sheep, goats, and camels— can live 
on the scanty vegetation of the realm, but they must be kept moving 
from one pasture to another. These pastures have played an important 
role in human evolution. In fact, the tropical grasslands of the Old 
World developed historical importance only after the domestication 
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of animals This step in progress resulted in the evolution of peoples 
who renounced the precarious subsistence of the chase and who at 
the same tune evaded the drudgery of primitive agnculture, to devote 
themselves to a pastoral Me This change, howevei, was possible only 
where animals suitable for domestication and adapted to these grass- 
lands were found Neither Australia nor North America possessed 
a single anunal of this type Although South America had the llama 
and alpaca, they were not domesticated m the areas of the desert and 
steppe Not until the Spaniards had introduced horses into South 
America did the pastoral nomad appear on the continent He is 
known today as the llanero or gaucho There still lemam, howevei, a 
few desert and steppe peoples, both in Africa and Australia, who eke 
out a precarious existence without the aid of domestic animals. 

Nomads Not in Possession of Domestic Animals 

The desert and steppe tribes who own no domestic animals are 
among the most degenerate of all peoples They were formerly found 
in parts of the Sonoran and Atacama deserts, they still range ovei 
extensive areas m the Australian and Kalahari deserts 

The primitive status of these peoples is clearly reflected in then 
food, shelter, and clothing Their diet is a simple one, consisting of 
seeds, roots, bulbs, locusts, rats, lizards, and snakes 11 They weai little 
clothing, and their shelter is crude. In the Australian desert the cloth- 
ing of these primitive peoples consists merely of a piece of cloth about 
the loins, and a head dress which is almost indispensable owing to the 
intensity of the sun’s rays The skins of animals are widely used for 
clothing Fortunately, m these arid regions, the skins will dry into 
usable form and will keep and wear well without tanning Here also 
local fibers and grasses afford raw material for the beginnings of a 
crude textile industry, which supplies the paltry amount of coaise 
cloth that is worn by the natives The architecture is as primeval as 
the clothing. Building materials are scant, but the small “bush” or 

11 David W Carnegie gives a vivid description of characteristic conditions in 
the interior of -western Australia "Though feeding, as a rule, only night and 
morning, these people sit down and cook and eat a rat as soon as it is killed 
Everything is eaten in the half-cooked state The process of preparing a meal 
is simple m the extreme, die rats are plucked and thrown on the hot ashes with 
no further preparation, and are greedily devoured red and bloody, and barely 
warm.” D. W Carnegie, “Explorations in the Intenor of Western Australia,” 
Geographical Journal, Vol 11 , p 263 



284 THE LOW-LATITUDE DESERT AND STEPPE 

“shrub” makes possible the construction of a wickiup— a shelter which 
is patched with grass or plastered with mud Frequently the house is 
merely a hole in the ground over winch a flimsy roof is constructed 

In recent yeais scientists have been studying the culture of the 
Kalaban Desert in seaich of any tribes that may have preserved the 
customs of the stone age In taking the anthropological trail on the 
fringe of the dark continent, these scientists worked their way back- 
ward and down the long tortuous path up which mankind has toiled— 
through the agricultural, the pastoial, and hunting stages of man’s 
life to the bottom rung of the human ladder, where man possesses only 
a flint knife, a bow and airow, a dog, and a wife 

The Pas i oral Noaiad 

The pastoial nomads— those who have domestic animals— have at- 
tained a comparatively high state of culture. They are m possession 
of hoises, camels, sheep, and goats— animals which enormously increase 
the food-pioducing capacity of the gioup Although these nomadic 
tnbes aie small, some of them possess large numbeis of animals 

These nomadic groups aie mobile and far-ranging, as they follow 
the rains, search for spots that have a little more rainfall than normal 
and hence moie pastuie, 01 travel from one oasis to another Most of 
die food is supplied by the flocks and herds Milk in one form or 
another constitutes a large pait of the diet Meat is also a valuable 
food and when dried in the sun will keep indefinitely, even m this 
hot climate Yet the nomad is not wholly dependent upon these 
pastoial products, he is constantly tiading with sedentaiy people of 
the oases, receiving cereals and dates in exchange for meat, hides, 
clothing, and blankets 

The pastoral nomad is well supplied with clothing, rugs, and other 
products made from the wool of sheep and the hair of camels. Spin- 
ning and weaving are highly developed, and the manufacture of 
turbans, clothes, blankets, tents, and rugs constitutes the chief indus- 
try other than that of tending the flocks and herds. Some of these 
people have developed great skill in rug making, and then products 
are highly valued in many parts of the world. 

The constant wandering in search of pasture requires that the human 
shelter must be light and easily moved Tents made from skins or 
cloth meet this requirement and at the same time afford fair protec- 
tion from the sun’s rays and sudden showers In these tents, rugs 
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are much in evidence, since they are about the only furnishings which 
can be easily transported 

Most of the stories of desert and steppe life are primarily concerned 
with two groups of people— the nomads and the sedentary tribes of 
the oases. Yet there exists an intermediate class, to which the 
Massaabas of the Sahara belong. These people are in possession of 
domestic animals as well as palm trees They have elected storehouses 



Fig. 113. Oases m the Sahara (After E H Carrier, The Thirsty Earth, Chris- 
tophers, London, 1928 ) 


of adobe on the borders of the oases of the Suf, camping during the 
winter m tents oi palm-leaf huts in front of the storehouses Their 
nomadic characteristics are reflected in the tending of flocks of sheep 
and goats as well as m their desire to live m tents rather than m sub- 
stantial adobe houses Their sedentary tendencies are indicated by 
their desire to cultivate the date palm for a part of the year. 

Oases 

An oasis is an area in the desert or steppe where watei may be 
secured for the production of crops. Oases are of various lends 
They may be areas surrounding deep wells, as in the Mzab, situated 
in the northern portion of the Sahara (Fig 113) , the moist depressions 
of sand dunes, as in the area of the Suf; or the land watered from 




286 THE LOW-LATITUDE DESERT AND STEPPE 

peienmal stieams, such as the Nile, Imperial, Euphrates, and Tigris 
valleys 

Interdependence of Nomads and Oases Peoples A close relation 
exists between the desert and oasis tribes The true desert people, the 
pastoral nomads, have much the same 1 elation to the oasis as the coun- 
try folk have to the cities The oases, with their reliable water supply, 
aie the only areas within the desert where large numbers of people 
can assemble for a few days for the purpose of trade— the exchange 
of the nomads’ animals and animal products for dates and gram of 
the oasis 

Oases m Relation to Highlands All the laige oases of the deseit 
derive then watei supply from highlands, sometimes hundreds of 
miles distant The floods of the Nile result fiom the heavy rains in 
the highlands of central Africa The lower Indus is watered by the 
streams which flow from the Himalayas, and the floods of the Tigris 
and Euphrates are caused by the heavy rainfall m the highlands of 
Aimenia In the desert and steppe of Peru and Chile numerous streams 
are found which have then souice m the well-watered highlands of 
the Andes, and paits of the Sonoran Deseit are watered by streams 
which rise m the Sierra Madre Occidental to the east Many of the 
highland aieas also seive as catchment basins from which the water is 
earned through porous sandstone foimations to distant places where 
it seeps out on the- surface or is tapped by wells 

Oasis Agriculture Agriculture by irrigation is the dominant eco- 
nomic industry of the oasis Activities in one, however, may differ 
widely from those of anothei In the area of the Suf (north Sahara), 
it is necessary to maintain an incessant struggle against the blowing 
sand, which otheiwise would bury the cultivated fields and even the 
groves of date palms In the area of the Mzab the underground watei 
is far beneath the surface and can be obtained for lrngation only by 
digging deep wells and by drawing the water either by man power 
or by means of camels or donkeys. Water obtained at such cost is 
treasured veiy highly, and the natives have contrived ingenious de- 
vices to prevent its waste The small ditches which run from the well 
to the palm trees are provided with a hard lining so that seepage may 
be checked, and sometimes they are covered tp prevent rapid evapora- 
tion 

The Date an Important Oasis Plant One of the most characteristic 
plants of oases is the date palm, although the total value of the pioduct 
is less than that of several other oases crops, notably cotton and corn 
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It has been estimated that approximately 90,000,000 date palms aie 
scattered throughout the tropical deserts of the world, of which more 
than one-half are in the countries bordering the Persian Gulf 
The region of gieatest concentration of date palms is the lowei 
Tigris and Euphrates valleys, which probably yields one-third of the 
world crop. The largest plantations are close to the Persian Gulf, and 
the little country of Iraq probably supports as many date palms as are 



Fig 114 Date palms in southern California (Courtesy Southern Pacific Co ) 


grown in the entire Sahara Desert. The cultivation of the date palm 
has now spread from the Old World to the New, for a few thousand 
trees have been planted in the southwestern part of the United States 
(Fig 114) 

The date palm thrives under conditions of extreme atmospheric 
; aridity and intense sunlight, provided that the roots receive a sufficient 
amount of moisture. The tree is hardy, long-lived, and yields a large 
return per acre Consequently, full-grown trees are frequently Valued 
at more than $150 each. 

The Nile Oasis. The Nile oasis is a narrow green ribbon in a vast 
area of gray, drab sand— a ribbon of land 1,000 miles long and, through- 
out most of its extent, only 10 to 14 miles wide. One can see it all 
from the banks of the Nile. 
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The Nile Valley is an oasis pai excellence Foi moie than sixty 
centuries this nanow strip of land has been kept fertile and productive 
by the watei and silt of the River Nile. No other nation is so wholly 
dependent upon a single livei as is Egypt, and m no other country are 
the interests of the people so completely centered m a single resource 
Fourteen million people depend upon this stream for food and life 
When the Nile is low, Egypt suffers and the people clamor for water. 
Since the demand is always greater than the supply, the greatest eco- 
nomic problem of the nation is that of using the water of the Nile 
to the best advantage, the greatest fear of the people is that their 
water supply may be 1 educed by excessive withdrawals for irrigating 
lands farther upstream 

Each year the Nile overflows its banks, providing an abundance of 
moistuie to the otherwise desert soil and a coating of fine silt in which 
the fellah (Egyptian peasant) plants his crops It has been estimated 
that under the ancient system of basin irrigation each acre received 
approximately 4,000 tons of water and 6 tons of rich alluvial mud 
each year 12 By the present system of barrages and dams the water 
is more effectively used, but much of the silt is lost to the farmer, 
with the resultant decrease in soil fertility. 

The kinds of crops that occupy the land of this oasis vary with the 
seasons. 1 " Cotton, sugai cane, maize, sorghum, and rice are the prin- 
cipal summer crops, the last three being grown primarily as flood 
crops (Fig 115) Wheat, barley, beans, and clover are the most im- 
portant crops of the winter season. Sugar cane, which grows through- 
out the year, is an important crop above the delta of the Nile Many 
parts of the Nile oasis produce two or three crops a year, and the 
land is sometimes valued at mole than f 1,000 an acre 

In spite of the great productivity of the Nile Valley the agricultural 
population is overcrowded Most of the farms are small, and more 

12 Under the basin system of irrigation, which has been practiced in Egypt 
for thousands of years, the flood water of the Nile is turned into basins which 
vary in area from 500 to SO, 000 acres Each of these basins is filled with water 
to a depth of from 3 to 5 feet, and at the end of six weeks the excess water is 
drained back into the Nile Crops are then sown upon the mud without previous 
cultivation. Under this system of irrigation, however, usually but one crop a 
year is possible 

i" In dividing die year into seasons the Egyptian peasant has taken account of 
the high-water stage of the Nile. Three seasons are recognized— summer from 
April 1 to August 1, the season of flood from August 1 to December 1, and winter 
from December 1 to April 1. 
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than a million families eke out a living for themselves on farms that 
average less than an acre per family. 

The farmers live in villages scattered throughout the valley about 
a mile apart The houses consist of mud huts made from the only 
building mateuals easily available. 


The walls are adobe, the floois are 
bate ground, and even the loofs are 
made of mud Most of the homes 
are without a flowei or an orna- 
mental shrub Water is too pre- 
cious to be used for growing any- 
thing but food 

Iraq (Mesopotamia). In ancient 
times Mesopotamia was the seat of 
great empires It was densely pop- 
ulated with progressive agricul- 
tural peoples who developed ex- 
tensive irrigation projects and prac- 
ticed intensive cultivation of the 
soil The early history of this re- 
gion is one of constant struggle be- 
tween nations that were contending 
for this choice bit of land. During 
succeeding centuries Mesopotamia 
has been overrun tame and again by 
nomads As the first of these in- 
vaders, the Arabs, pressed forward, 
the peasants were driven from their 
lands, the larger irrigation works 



were neglected, and the rivers, no 
longer controlled, spread into wide 
marshes The depredations which 
were commenced by the Arabs 


Fig 115 The Nile Valley, a fertile 
ribbon of irrigated land located m 
large part m the low-latitude desert 
of Africa 


were completed by the Turks, Mongols, and Tartars, and one of the 
most fertile and productive regions of the earth was abandoned to the 
wasteful practices of pastoral peoples Since 1918 old irrigation 
ditches have been reopened, new ones constructed, and pastoral lands 
have gradually been converted into farms. If political disturbances 
ao not interfere the land may again support a prosperous sedentary 
population, J 
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The Lower Indus Valley The lower Indus Valley is the largest 
oasis in India This region is cultivated either after the annual inunda- 
tion or by means of artificial lrngation from the Indus River The 
chief crop is lice, with the grain sorghums and millet next m impor- 
tance To prevent the possible failure of crops because of an insuffi- 
cient water supply, well irrigation supplements the inundation prac- 
tice in many parts of this region Moreover, as in Egypt, a modern 
canal system of irrigation has been developed and cotton has become 
one of the important products of the region 

The Peruvian Desert The coastal deseit of Peru, with its many 
oases, is the most impoitant portion of the country Although it em- 
braces only about 10 per cent of the total area of the republic, it 
accounts for almost 60 per cent of the agucultural income Here 
also 55 per cent of the agricultural capital of the country is invested 
in 1,000 square miles of irrigated land The chief crops on this land 
are rice, sugar cane, and cotton, which are the most important ones 
of the country and represent 50 pei cent of the value of Peru’s total 
export trade 14 

The importance of the agriculture of this coastal strip is due to a 
number of streams which rise in the Andes to the east The inter- 
stream spaces are bare desert waste, as dry and devoid of vegetation as 
the Sahara The stream valleys, however, extend as narrow green 
ribbons down to the coast, and their flood plains and alluvial fans have 
been irrigated for a long period of time In fact, some of the irriga- 
tion works of this region were built by the Incas These are the 
valleys in which the large sugar estates and cotton plantations of Peru 
are located— sugar cane in valleys chiefly north of Lima, and cotton 
in lingated valleys near that center. 

Not only is coastal Peru the most important area agriculturally, but 
it is here also that most of the cities of the country are located This 
region includes all the seaports and Lima, the capital Here also we 
find the highest cultural development, the most important oil field in 
western South America, and the widely known guano deposits. 

The Sonoran Desert Along the desert coast of Sinaloa and Sonora, 
Mexico, irrigation agriculture is possible owing to numerous streams 
that head in the highlands to the east Many of these streams never 
reach the coast but lose themselves in the dry sands of the coastal 
plain On their various fans and flood plains irrigation agriculture is 

14 With a production of 100,000 to 200,000 tons of cane sugar, Peru ranks second 
only to Brazil as a South American producer of that commodity. 
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of increasing importance Corn, an important crop in this area, is 
grown for local consumption as well as for export The growing of 
vegetables is a promising industry owing to proximity and direct rail 
connection with the United States 



Fig 116 Showing the Colorado River basin below Hoover Dam Note the 
large amount of irrigated land in the Imperial Valley, also the extensive area of 
lrngable land in Mexico (After U, S. Bureau of Reclamation ) 

The Imperial Valley. The most famed of the American oases is the 
Imperial Valley. Prior to 1902 this land was part of the large, sterile, 
desolate waste known as the Colorado Desert and was given over to 
cactus, rpdents, and other desert plants and animals. 

The soils of the Imperial Valley are rich silts, washed from seven 
states and deposited m this lowland by the flood waters of the turbu- 
, lent, muddy Colorado River With the application of water the area 
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became one of the most pioductive to be found anywheie Silt is 
still being spread over the land with eveiy application of ungation 
water, so that the soil should letam its fertility indefinitely. 

Not only is the soil fertile and water abundant, but also the climate 
is suited to intensive cultivation and bumper ciops The growing 
season lasts all the year, and the sunshine is continuous and intense 



Fig 117 Harvesting cantaloupes in the Imperial Valley of California (Courtesy 

Southern Pacific Co ) 


Scarcely a month passes without some ciop being harvested and others 
planted Alfalfa grows continuously, and each year four or five crops 
may be harvested from the same land Tins legume is excellent cattle 
feed and the basis of a thiiving dairy industry with an output of 8 to 
10 million pounds of butter annually 
The valley is even more widely famed for cantaloupes than for 
alfalfa It is the greatest cantaloupe-producing center in the world, 
ten to twenty thousand carloads being grown here each year and 
shipped by fast express to eastern markets (Figs 116 and 117) Long- 
staple cotton, grapes, and head lettuce are among the other important 
cultivated mops, The large fields of lettuce, which yield handsome 
profits to the gardeners, afford abundant proof that rapid and efficient 
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transportation facilities connect the valley with laige and wealthy 
markets 

Many of the homes of this area are mere shacks, occupied by tenants 
who take but little pride in the appearance of the cultural landscape. 
However, an increasing numbei of the homes are modem and roomy, 
surrounded by young shade trees, flower gardens, and attractive shrub- 
bery, It has been the custom of the women and children of the 
wealthier fanners to leave the valley during the heat of the summei 
Now that improved roads have been built over the hills to the moun- 
tains back of San Diego— a two- 01 three-hour drive by automobile- 
many of the well-to-do families find it convenient to letreat to these 
highlands for a short period of recreation and rest 

Minor Oases. Besides the large oases, the desert and steppe contain 
many small areas where water is available for crops. This is espe- 
cially true m the Sahara, where a large number of small oases are 
widely scattered (Fig. 113) and during many centuries have been 
centers of population and cultivation lR These oases are watered in 
various ways— some of them from springs, others from wells Still 
others are situated m low, moist depressions of sand dunes 

Human activities vary considerably among these small gaiden spots 
of the desert In some of these areas a variety of crops is cultivated, 
m others merely the date palm and a few vegetables. In some oases 
the encroaching sand offers the most critical problem to the natives, in 
others, the uncertain water supply is the chief issue. In writing about 
small oases in the northern part of the Sahara, Jean Biunhes brings 
out some of these contrasts “In the Mzab the labor to obtain water is 
regular and constant, and ceases only in tune of flood, in the Suf the 
struggle against the sand is more irregular and intermittent Likewise 
the MoZabite certainly woiks more constantly and energetically while 
the Soafas are much more inclined to periods of idleness ” 10 

In the desert oases of the Sahara the dwellings have the character 
of towns, not villages. Even that designation, however, may appeal 
overdrawn, by reason of the fact that many oases are no larger than 
the smallest of villages. But they are found in a natural setting m 
which the environment is so blank that any “society of dwellings 
takes on the glamour of urban life.” The cultural pattern of these 
small towns reflects streets that are moderately well laid out, and 
clay-built houses which are quite compact and complete, some of them 

18 E F Gautier, Le Sahara, translated by Dorothy Ford Mayhew, Columbia 
University Press, 1935, pp 450-453 

16 Jean Brunhes, Human Geography, Rand McNally & Co, 1920, p 451 
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even ornamental In addition, the market places are characterized 
by their bazaars and their concentration of people. 17 

MINING ACTIVITIES 

Mining in the tropical desert is fraught with difficulties, chief among 
which are extremely high temperatures, difficulty of transportation, 
shortage of water, lack of timber, and little 01 no herbage for beasts 
of burden In discussing mining conditions in the nitrate pampa of 
northern Chile, Isaiah Bowman writes that “at Central Lagunas water 
is brought in pipe lines from Pigue, 18 miles northeastwaid, fruit from 
Pica and Matille, 55 miles in the same direction, and fish from the 
sea at Iquique, 90 miles by rail Except for these slender resources 
locally supplied, all the food and clothing, the building material, 
machinery, work animals, laborers, everything must be drawn from 
more favored lands ” 18 

Mineral deposits are found in many parts of the realm, and in spite 
of the difficulties of exploiting these resources many mines are being 
worked with vast profits, some being famed throughout the world 
for their richness This is especially true of the copper mines and the 
diamond mines at Kimberley, South Africa. Yet the deposits which 
illustrate a nice relationship to the climatic environment of the realm 
are the mineral salts and guano. 

Mineral Salts. Chief among the mineral salts are the deposits of 
Chile where, owing to and conditions, nitrates have accumulated and 
have been preserved for many centuries Although sodium nitrate 
exists m many desert regions, Chile is the only country where work- 
able deposits have been found (Fig 118) 

Various theories have been advanced as to the origin of these de- 
posits Some authonties believe that the nitrate accumulated in basins 
filled with salt water, m which guano was deposited. Most of the 
authors, however, believe that the nitrate deposits have resulted from 
the accumulation, by means of evaporation, of the minute nitrate con- 
tent of the underground waters of the region In other words, they 
represent a sort of efflorescence of the soluble salts out of the ground 
water This accumulation has been made possible through the remark- 
able relations of ground water and arid climatic conditions existing 
in the region 

11 Angus Buchanan, Sahara, Appleton-Century Book Co„ 192<>, p 188. 

18 Isaiah Bowman, “Regional Population Groups of the Atacama,” American 
Geographical Society Bulletin, Vol 41, p 151 
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The localities where the nitrate deposits occur were in the early 
days prospected for gold, silver, and copper. Not until the beginning 
of the nineteenth century was much attention given to the nitrates 
of the desert, the discovery of 


which was more or less accidental 
Nitrate production began m 1812, 
and in 1830 about 8,300 tons of 
the crude product were exported 
Subsequently there has been a 
very rapid growth in the industry 
But a vast reserve still remams un- 
touched In an area of 5,811 
square kilometers of nitrate land 
that has been carefully surveyed 
by government inspectors the 
estimated potential reserve is 
about 240,300,000 tons 
Prior to 1920, the methods of 
mining and processing Chilean ni- 
trate were relatively expensive 
and wasteful Holes were dug 
with iron bars to the base of the 
deposits Black powder was then 
placed in the holes and the beds 
were blasted The workmen then 
sorted the nitrate ore (caliche) by 
hand, after which the high-grade 
ore was shipped to the nitrate 
plant Here it was crushed and 
dumped into bins from which it 
was taken on belt conveyers ox m 
cars to the boiling vats. After 
being boiled the solution was al- 



lowed to cool. At the end of Fig 118 Distribution 0 f t jj e c iiief 


about five days most of the m- ™ ttate dlsmcts of deserc Chde > and 
(rate had been precipitated. The <■— 

liquid was then pumped off and 

the nitrate, after being dried, was ready for market. By this crude 
method of production only the high-grade ores could be used and the 
product was relatively expensive (Fig, 119) 
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Recently, owing to increasing competition of othei forms of nitro- 
gen, the companies pioducing Chilean nitrate found that in older to 
succeed they must improve then methods of mining, handling, and 
treating caliche Consequently, power shovels are now being used 
in mining, improved crushers handle large quantities of ore quickly 
and economically, and new treating processes, which include the cool- 
ing of the nitrate solution to near-freezing tempeiatures, enable the 



Fig 119 Huge piles of nitrate of soda in the desert region of Chile (Courtesy 

“The Grace Log”) 


producers to recover a larger percentage of the nitrogen than could 
be recovered by the old process These improvements have enabled 
the producers to use low-grade ores and to reduce the cost per unit 
of labor and fuel 

Two grades of nitrate are marketed, one 95 per cent pure mainly 
used for fertilizing purposes, and the other 96 per cent pure for use 
m manufacturing. It is employed m the manufacture of explosives, 
glass, fireworks, nitric acid, arsenate of soda, and nitrate of potash, 
as well as in the making of chloride and m the purification of caustic 
soda Iodine is a by-product obtained in the refining of nitrate 
Nearly the entire world’s supply comes from Chile, where it is pro- 
duced at small cost, 

The consumption of commercial nitrogen on a large scale, is a rela- 
tively recent development, and has been associated with the increas- 
ing need for nitrogen both in the manufacture of explosives and in 
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the production of fertilizers In 1910, prior to any war on a world- 
wide scale, Chile, with an output of only 421,000 tons of nitrate of 
soda, furnished 64 per cent of the world’s supply of commeicial 
nitrogen. However, in 1941, Chile exported 1,270,479 tons of nitrate 
of soda, yet, owing to the competition of synthetic and by-product 
nitrogen, Chile supplied less than 8 per cent of the nitrogen consumed 
by the world in that wai-toin year Since the end of Woild War II 
the demand for nitrogen has once again decreased, and by 1946 the 
export of nitrate of soda from Chile had declined to 849,000 tons 
Whether a possible future woild war would once again greatly in- 
crease the demand for nitrogen would depend upon the types of the 
major munitions of war. 

During the next few years the nitrogen industry of Chile is likely 
to face a crisis brought about by the competition of synthetic and 
by-product nitrates 

Guano. The first commodity extensively used as a commercial fer- 
tilizer was guano, a valuable manure which consists chiefly of the 
excrement of sea birds in places where rainfall is insufficient to carry 
away the deposits The chief habitat of the guano-depositing birds 
are the Chmcha and Lobos islands off the desert coast of Peru Here, 
owing to a favorable combination of factors, deposits of great depth 
have been formed The cold Humboldt Current provides a suitable 
habitat for fish, as these tropical waters abound in organisms upon 
which the fish feed. Fish, in turn, is the chief food of the guano- 
depositmg birds. The cold current intensifies the aridity of the area 
and causes an environment m which the guano is preserved. In Peru 
these deposits have been worked since 1842, yielding millions of tons 
of high-grade fertihzei (Fig. 1 20) The exploitation of the diminish- 
ing reserves is now rigidly legulated by the Peruvian government, and 
the birds are protected by law in order to provide for the augmenta- 
tion of the deposits 

Salt. In many desert regions salt is an important mineral product 
Along desert coasts it is obtained by evaporating ocean water, where 
the arid climate facilitates that process But this source is not so im- 
portant as that of various desert lakes where the salt solution is more 
concentrated, or of old lake beds where stores of salt have been left 
after all the lake water has been evaporated. Even the rock-salt de- 
posits of the earth’s crusts were formed under similar arid conditions 
during remote geological ages of the past. 

Borax. Among the other substances associated with salt deposits 
are borax, soda, and gypsum Borax exists m many of the alkaline 
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flats of arid regions Probably the original source of borax is m- 
vanably volcanic emanations These, flowing into the waters of salt 
lakes, cause borax to accumulate In some and regions borax permeates 
the soil, as does ordinaiy alkali, in favorable situations forming a ciust 
upon the surface 



Fig. 120 The guanaye, or Peruvian cormorant, inhabits the islands in the Hum- 
boldt Current off the coast of Peru These islands have for a century provided the 
world with the invaluable fertilizer known as guano The guanaye is protected 
by law from any molestation, and until a few years ago no motor vehicle or air- 
plane was permitted on or near its habitation Caterpillar tractors have been in- 
troduced on San Martin and Santa Rosa islands to take the place of the old- 
fashioned system of hand mining, and the birds have been carefully watched for 
signs of anxiety (Courtesy "The Grace Log”) 

Borax has many valuable uses It facilitates welding, since it forms 
fusible salts with most metallic oxides It is used in glazing brick and 
chmaware, and in glossing starched linen m laundry work It is also 
an important ingredient of dyes, drugs, and cleansing powders. 

COMMUNICATION IN THE DESERT 

Large deserts are classed among the world’s most pronounced natu- 
ral barriers to communication Travel across them is fraught with 
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many difficulties and dangers Water is scarce and owing to rapid 
evaporation is hard to retain Herbage for animals and food for man 
are even more difficult to obtain in sand-covered areas The blowing 
sand and dust may destroy entire caravans, and loose sand renders 
travel difficult Violent rainstorms in desert highlands may result 
in destructive floods which appear suddenly and without warning 
When these floods occur in the valleys, such as the wadis (channels 
of watercourses which are dry except in the rainy season), which are 
used as highways, entire caravans may be swept away with heavy 
loss of life. 

The construction of railroads is exceedingly difficult owing to the 
extreme aridity, and, in some places, blowing sand Furthermore, 
water and fuel are scarce, and cars must be of special construction in 
order to withstand the atmospheric conditions In some areas cater- 
pillar tractors have been introduced In expeditions across the Sahara 
from Algeria to Timbuktu and the Niger, caterpillar tractors have 
made in twenty days the trip which the camel required three months 
to complete The camel, however, still remains the “ship of the 
desert.” 

SOCIAL AND POLITICAL CONDITIONS 

The social and political conditions of the realm differ greatly from 
place to place The most backward savage nomad of the desert still 
lives in a small family group, under primitive conditions He has 
almost no concept of religion, his intelligence is low, and his political 
organization is a tenuous one On the other hand, the inhabitant of 
the larger oasis has attained a high state of culture He lives m»a 
large, intelligent group where religion is well developed and the social 
bond is strong Between these two groups is the pastoral nomad who 
possesses the wandering characteristics of the foimer and some of 
the culture of the latter. His ethics, however, are those of the robber, 
and his morals are formed by circumstances He has a loose group 
claim to grazing ground, and a meager concept of definite limitations 
and private ownership of land This has led to friction with Euro- 
pean powers who wish to draw lines indicating territorial possession 

The family groups vary in size from a small number of individuals, 
as with the savage, to the larger and stronger family units of the 
pastoral nomad and oasis dweller. In the small family unit of the 
desert savage, infant mortality is high; women are about on par with 
men, and when these people are pressed by hunger and forced to 
move, decrepit individuals are abandoned to die. The family group 
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of the pastoral nomad is as large as the grazing land will permit The 
family, howevei, is broadened to include the clan, at the head of which 
is the sheikh (in the Sahara), who may be either the oldest or the 
most powerful individual. Leaders are essential, since the mode of life 
of these people is such that many questions must be decided on the 
spur of the moment Men are the herdeis and the warriois, and 
women, who are mfenor m the social scale, keep the tent and care for 
the children With stiong leadership and authority by the few has 
also come slavery— a legular institution among these people In the 
Sahara, the slaves are secured cither from the Guinea Coast, Sudan, or 
from forays upon neighboring desert groups. 

The religion of the lealm is closely related to the environment 
Most authors agiee to the fact that a desert tends to breed monothe- 
ism The sameness of the scene, the unbroken stretches of desolate 
waste, the many mystical perceptions such as mirages, all tend to 
stiengthen one’s belief in some god, and in one, rather than a number 
of them An opposite tendency, however, manifests itself in the large 
oasis In the Nile Valley with its certainty of crops owing to the regu- 
lar floods of the Nile, where man is merely a link in the process, a me- 
chanical maclune as it were, merely sowing seed and reaping the re- 
turns of a plentiful harvest, the natives’ dependence upon God natu- 
rally becomes less . 10 The religion of the pastoral nomad is the hand- 
maiden of the government, and society is run by the military and 
ecclesiastic The mob is kept in control by fear and promise of reward, 
especially of leisure and luxury in the hereafter 

In some low-latitude desert regions, crime is to a large extent held 
in check by the influence of the environment The inhabitants of 
the sandy desert districts are accustomed to observe and recognize 
imprints of the feet of men and animals In fact, in various sandy 
parts of the Sahara the natives see the tracks of a caravan in the midst 
of the dunes, and easily make out to what tribe the caravan belongs. 
Some desert nomads let their camels run free to pasture and when 
they have need of them they find them by following their tracks over 
the desert sands. This ability of following tracks in the desert applies 
with equal force to the finding of human beings Thus students of 
the Sahara have recognized the fact that in some of the sandy dis- 
tricts thefts are less numerous than elsewhere, mainly because robbers 
can be too easily pursued and caught 50 

is G A Smith, Historical Geography of the Holy Land, Harper and Brothers, 
London, 1915 

2° Jean Brnnhes, Human Geography , Rand McNally & Co , 1920, p 430 
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Individual property m this realm is marked by peculiarities Among 
the pastoral nomads property does not consist of land, smce there is 
merely a loose group-claim to grazing ground. Even the herd shows 
no individual ownership Property consists of weapons, utensils, 
equipment for herds, women, and slaves The Suf and Mzab oases in 
the northern portion of the Sahara illustrate the exceptional nature of 
individual propeity The surface of the land is not property, for, m 
the immense areas covered with sand and crossed in all directions by 
sand dunes, any one may take as much land as he pleases for the plant- 
ing of date palms or the building of a house Water is not regarded 
as constituting property, because it extends in comparatively large 
sheets under the sands and is within the reach of those who have 
peiseverance enough to tap it The date palm, however, is regarded 
as private property. There are often four or five proprietors m a 
single palm grove, and one person may possess several trees in a num- 
ber of groves Possession is based on planting the tree No one can 
appropriate the ground in which another has planted, but if a tree 
dies and its owner does not immediately replace it with another, the 
first comer is at liberty to plant a tree m that spot In other words, 
water and earth aie common and not individual possessions, whereas 
the tree is the initial cause, the limit, and the end in view of individual 
ownership. 

The government of the nomad is military, and the family is the 
basis of political unity Here we find only a meager idea of democracy 
and equality, and authority is is a hierarchy. Fighting is common 
and is in large part due to the hardships of the desert. When the 
vegetation withers, the nomad and his flock face starvation The only 
thing that occurs to him is to plunder. Thus he makes raids upon 
neighboring pastoral tribes or oasis peoples. 

The laws of the deseit differ materially from those of European 
powers, some of which own large portions of the desert realm In 
Europe the laws pertain to the people as well as to the land. Among 
the desert nomads, however, the laws are associated with them as 
people, not with the place or territory, smce land may be obtained 
for the mere taking No one questions the limits of a range smce 
land is free for all. 
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THE HUMID SUBTROPICAL REGIONS 

A Populous Realm. The humid subtropical realm surpasses all 
others m the number of people it supports This fact is largely a 
result of the large population in the humid subtropical regions of the 
northern hemisphere Humid subtropical China, Japan, and Korea 
are all densely populated, and our own Southland supports almost 
one-half of the agricultural population of the United States In the 
southern hemisphere some of the most populous sections of South 
America, Africa, and Australia are situated in this realm However, 
the total population of all humid subtropical regions of the southern 
hemisphere is not large 

A Realm of Contrasts No other single climatic realm presents 
more striking contrasts in human activities from one region to another 
than the humicT subtropical These contrasts, as we shall see, are 
found m the nature and the progress of the people, m the standards 
of living, and in the nature of agriculture, manufacture, and trade 
The contrasts are, jn part, a result of differences in the natural environ- 
ment from one region to another, and, in part, a result of differences 
m the stages of industrial development 

Contrasts in agriculture Although certain crops such as cotton, 
sugar cane, and rice are common to all the humid subtropical regions, 
the percentage of farm land given to each crop differs markedly from 
one region to another In southern United States “cotton is king” and 
corn is also a major crop, in subtropical China and Japan rice fields 
dominate the cultural landscape; in the South American region alfalfa 
and pasture are the most important crops, although wheat and corn 
are widely distributed and exceedingly important, in southeastern 
Africa sugar cane is the most important commercial crop, and in 
Australia corn and pasture are the most valuable agricultural products 
of the area under consideration 

Contrasts in manufacture. With the exception of Japan, none 
of the humid subtropical regions have as yet developed great manu- 
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factunng centeis Since about 1920, the southern United States has 
made rapid strides in this direction In so far as manufacturing has 
developed, no two regions have specialized in the same types of in- 
dustry. In southeastern United States the manufacture of iron and 
steel, petroleum products, chemicals, and paper, all associated with 
majoi resouices of the South, represent some of the larger industries 
Ginning of cotton is widespread, while sugar production and refining, 
lice cleaning, and the manufactuie of oiange and grapefiuit products 
aie important industries and are 1 elated to the aguculture of the South 
In Japan, the manufactuung industries aie diversified, but the produc- 
tion of textiles, chemicals, and iron and steel normally represent the 
most valuable products Chinese manufacture is still backward and 
modem factories are confined to a few of the larger cities Textile 
manufactuie represents their most modern and valuable industry In 
the South American region, meat packing, flour milling, shoe and 
textile manufacture, wine making, and sugar lefimng are some of the 
most nnpoitant manufactures In southeastern Afuca and m north- 
eastern Australia sugar production lanks high among the manufac- 
tunng industiies 

This gieat diversity of human activities from one region to another 
is closely 1 elated to differences in the stages of mdustiial development 
and, to a lesser extent, to differences in natural envuonment Man’s 
adjustment to each region can be better understood after studying 
the environmental conditions under which he works 

CLIMATE OP HUMID SUBTROPICAL REGIONS 

The regions of a climatic type, like the people of a physical type, 
have characteristics common to all, likewise each region has qualities 
pecuhai to itself just as each individual differs from all others Cer- 
tain of the common characteristics may be moie impressive than the 
individual traits as shown by the striking similarity m the appearance 
of people of the Japanese type, or they may be somewhat submerged 
under the more striking personal qualities and appeal ances as is re- 
peatedly exemplified m the French type In the regions thus far 
studied, climatic likenesses have been more obvious than differences, 
m the humid subtropical legions the contrasts are quite as pronounced 
as the similarities For example, some of these regions ate frequently 
cursed with the most destructive of all storms, the tornado and the 
tropical cyclone— hurricane or typhoon, others seldom or never ex- 
perience these terrifying visitants In China and the United States 
killing frosts extend over practically all these regions several times 



CLIMATE OF HUMID SUBTROPICAL REGIONS 


SOS 


each year, constantly menacing the winter fruit and vegetable crops 
in these populous lands, wheieas along the southeast coasts o f Afuca 
and Queensland frosts seldom occur In some regions the rainfall is 
fairly reliable and well distributed so that the farmer feels quite cer- 
tain that his labors will be rewarded with something of a harvest 
whether he plants corn, rice, cotton, sugar cane, or any one of a half- 
dozen other crops, m some of the other regions the extremely unre- 



Fig 121 The humid subtropical climate occurs on the east margins of continents 
in lower middle latitudes 


liable rainfall taxes man’s wits to the utmost in Ins efforts to overcome 
the evil effects of frequent and prolonged drought or of exceedingly 
heavy and protracted rainfall. Yet the differences m climate from one 
legion to another are not so striking as the likenesses 

Climatic Characteristics Common to All Humid Subtropical Regions 

The humid subtropical climate occurs on the eastern margin of 
continents m about the same latitude as the Mediterranean type of 
climate on the west coast (Fig. 121) Climatically, however, these 
two types have little in common except “average annual temperatures” 
—phenomena which are of little value to any one All parts of the 
humid subtropical regions are subject to frost but have a growing 
season of 200 days or more 1 

1 Parts of the narrow coastal region of Afnca and Queensland are frost free, 
but since the uplands immediately back of these coasts are subject to frost it was 
thought best not to attempt a subdivision here. 
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Towards the equatorward maigins frosts aie light and infrequent, 
but near the poleward margins several hard freezes are expected each 



Fig 122, Rainfall and temperature charts for four humid subtropical stations 

year The summeis are hot, humid, and enervating, there bemg weeks 
together every summer when little relief from the heat can be found 
even at night. The winters are for the most part pleasantly mild, 
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although m southeastern United States and China sudden cold spells 
are not uncommon 

As suggested by the name, the humid subtropical regions are char- 
acterized by moderate to abundant precipitation throughout the year 
Fortunately the maximum amount comes in summer, the time of great- 
est heat and plant growth (Fig 122) The summer ram is of the local 
thundershower type interspersed with abundant sunshine It usually 
comes in heavy downpours, and not infrequently several inches of 
water fall within a few houis The areal distribution is spotty, during 
some years much more so than during others As a result one district 
may have abundant moisture while a few miles away the crops are 
suffering from drought 2 The thunderstorms are sometimes accom- 
panied by hail with resultant loss to crops and buildings Such damage 
is ordinarily confined to small districts, and the poleward and inland 
parts of each region are visited more frequently by these storms than 
the equatorward margins and coastal districts. 

The coasts of all humid subtropical regions except that of South 
America are visited occasionally by tropical cyclones— hurricanes or 
typhoons— the most destructive of all storms They result in tre- 
mendous losses of life and property, especially on the sea and along 
the coast, where the fury of the storm is unabated. As the storm 
passes inland the velocity of the wind decreases, but the accompanying 
torrential downpour may flood areas which he hundreds of miles from 
the shore The velocity of the wind may reach 130 miles or more 
an hour, thereby destroying life and property, but the greatest loss is 
usually the result of tidal waves which flood the coastal lowlands. 

Climatic Contrasts from One Region to Another 

Rainfall Although the humid subtropical regions have common 
climatic characteristics which give them a degree of unity, each one 
also has certain distinctive qualities which give it individuality No 
two regions have the same distribution of rainfall, nor do their winter 
temperatures fit nicely into the same pattern Southeastern United 
States has a relatively uniform and reliable precipitation, the best for 
any large area belonging to this type, the coastal area of Australia, on 
the other hand, has one of the most erratic and unreliable rainfall 
records to be found m the humid portions of the world (Fig, 123) 
The annual rainfall m eastern United States seldom varies more than 

2 This condition is most common when the region, as a whole is suffering from 
drought. 
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20 per cent from normal, whereas in Australia it frequently varies 40 
to 60 per cent or even more In addition, the rainfall for any summei 
month in eastern Queensland may be less than 1 inch or more than 



Fig 123. Rainfall chart for eight humid subtropical stations 


30 inches In fact, more than 20 inches have been recorded several 
times in a 24-hour period These torrential rainstorms occur m all 
the humid subtropical regions, but Australia and eastern China suffer 
most in this respect 





CLIMATE OF HUMID SUBTROPICAL REGIONS 309 

The seasonal distribution of rainfall also differs from one region to 
another In southeastern United States the precipitation is well dis- 
tributed throughout the year, about the same amount falling each 
month. In all the other legions the summer precipitation is decidedly 
greater than that of winter, the diffeience being most pronounced in 
China, where in places the lainfall of the summer six months is more 
than six times that of the winter half-year These differences in rain- 
fall are closely related to the differences in the wind systems The 
winter rams of all humid subtiopical regions are laigely a result of 
cyclones (extra-tropical, see pp 67-71) which bring the moisture m 
from the oceans lying to the east and south Southeastern Umted 
States, being visited by cyclones (extra-tropical) more frequently than 
any other humid subtropical region, receives as a result the heaviest 
winter rainfall of the entile realm. The lightest winter rainfall occurs 
m southeastern China, where the dry winter monsoons blow with 
great regularity from the intei lor of the continent 

Temperatures. Summer temperatures are similar in all the humid 
subtropical regions. All have long, hot, humid summers with many 
days when the maximum temperatures are above 90° F, and occa- 
sionally above 100° F. Although the summer temperatures of all 
humid subtropical regions fall into the same neat pattern, the winter 
temperatures differ markedly from region to region as determined 
largely by the amount of land lying to the poleward of each The 
southeastern parts of China and the United States are open to the 
cold winds from the northern interior of Asia and North America 
respectively Consequently, destructive frosts sweep down over these 
areas each year The 32° isotherm touches its lowest latitude of the 
whole globe in eastern China, with snow and frost occurring at times 
as far south as Hong Kong and even at Canton, situated within the 
low-latitude wet-and-dry realm This is the only place on record 
where snowstorms invade the lowlands of the tropics 1 At Shanghai 
(in the latitude of southern Georgia) a temperature of 10° F has been 
recorded, and lakes have been covered with ice several inches thick 
Such low temperatures are caused by cold winds which blow with 
great regularity from the intenor of Asia, where the greatest high- 
pressure belt of the world is built up dunng the winter. (See p. 
65 ) Similarly, southeastern United States lies open to northern 
winds, and cold waves often reach Florida, bringing frost almost to 
the extreme south of that state The “Great Freeze” of 1893 not only 

a At Hong Kong, situated just inside the tropics, the mean for the coldest month 
is 58° F., the lowest mean known near the sea level in the latitude Temperatures 
of 32° F, have been recorded m tins tropical city 
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destroyed the oiange crop of the state but also killed many of the 
trees Othei serious frosts have killed much of the fruit from time 
to time as in 1934-1935 and again in January 1940 Even m the 
humid subtropical area of South America with a relatively small 
amount of land lying to the poleward, the diy, cold southwest wind— 
the pampero— causes suffering among the poorly clad natives of north- 
ern Argentina, Uiuguay, and southern Brazil Such sudden cold spells 
are almost or quite unknown along the coasts of Africa and Australia- 
areas bathed by warm ocean currents and protected on their poleward 
'margins by thousands of miles of open sea 4 

^ The Tropical Cydone_In one of these regions the desolating winds, 
tides, 'ah3"TofFentiarramstorms of the tropical cyclone aie almost or 
quite unknown, whereas other legions are visited by them ten, twenty, 
or even thirty times a year as indicated in the table 

Average Annual Frequency or Recorded Tropical Cyclones 


Region of occurrence 

Number 

Region of occurrence 

Number 

Western North Pacific 

30 

North Indian Ocean 

12 

Central North Pacific 

8 

South Indian Ocean 

13 

Eastern North Pacific 

5 

Eastern Australia 

13 

West Indian Seas 

5 

West South Pacific 

15 


The tropical cyclone is the most destructive of all storms Although 
the wind is less violent than that of the tornado, it covers a longer 
path and one several hundred times as broad A single tropical cyclone 
which passed over the eastern coast of China took a greater toll of life 
than has resulted from all the thousands of tornadoes which have 
been recorded in America since the occupation of this continent by 
the white man 5 Such a storm caused the Galveston disaster of Sep- 
tember 8, 1900, when 6,000 lives were lost and the property damage 
was estimated at $30,000,000. The toll of this one storm represents 
almost twice the loss of life caused by all the tornadoes (about 1,000) 
which occurred in this country during the ten-year period from 1916 
to 1926. 8 

* The southeastern coast of Africa is entirely frost free; in Australia light ground 
frosts occur along the entire coast of New South Wales, but freezing air tempera- 
tures have never been recorded north of 30° south latitude At Sydney, the low- 
est air temperature ever recorded is 35° F 
» It is estimated that at least 50,000 lives were lost in the Swatow typhoon of 
August 1922 Monthly Weather Review, November 1922, p 436 
8 The total number of tornadoes reported for the entire country durmg the 
ten-year period from 1916 to 1926 was 999, with a loss of 3,158 lives and a property 
loss estimated at $113,311,000 
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The greatest loss of life and property resulting from the tropical 
cyclone is that caused by the wind and tide along densely populated 
coasts Ships are blown onto land or other barriers and wrecked, 
thousands of people may be caught by tidal waves and di owned, and 
the foaming tide may w'eaken foundations of large buildings so that 
they cannot withstand the tremendous pressure of the wind. Tor- 
rential downpouis invariably accompany these storms, and the floods 
may cause tremendous loss of life and property, not merely along 
the coast but hundreds of miles inland The passage of a West Indian 
hurricane ovei southeastern United States during July 14-15, 1916, 
caused the greatest floods ever known in the southern Appalachians 
At Altapass, North Carolina, 22 22 inches of rain fell m a 24-hour 
period The heaviest rainfall ever recorded in a 24-hour period was 46 
inches, at Baguio, 7 the summer capital of the Philippine Islands, during 
the passage of a typhoon 8 These floods cause vastly more damage 
each yeai than that wi ought by the terrifying tornado 
Earthquakes and Tropical Cyclones The coincidence of earth- 
quakes and tropical cyclones has often been noted Where conditions 
are ripe for an earthquake the earth’s crust is m an unstable condition 
It is barely possible, though not yet proved, that the so ess accompany- 
ing the passage of a severe cyclone may be sufficient to initiate a 
quake 

It is clear that tropical cyclones subject the earth’s crust to an appreciable 
and relatively sudden strain especially on coasts A drop of 2 inches in baro- 
metric pressure removes a load of about 2 million tons from each square mile of 
land while over the neighboring sea, a 10-foot rise of water, commonly asso- 
ciated with such a storm, adds about 9 million tons less 2 million tons for re- 
duced air mass or 7 million tons per square mile of sea bottom Thus when 
a tropical cyclone passes, a differential pressure of about 9 million tons per 
square mile between land and sea bottom is created and dissipated within a few 
hours A typhoon of such character lay over the Pacific at the time of the 
Japanese earthquake and the winds made the fires terribly destructive to life 
and property Unfortunately the storm center did not come close enough to 
give ram 8 

Tornadoes The tornado is the most violent, least extensive, and 
most sharply defined of all storms. Like the tropical cyclone it visits 
some humid subtropical regions but seldom or never occurs in others 

7 Baguio is situated in the low-latitude wet-and-dry type of climate 

8 Charles F Brooks, Why the Weather, Harcourt, Brace & Co , 1938, p 1 59 

" Reprinted by permission from Why the Weather, by Charles F Brooks, Har- 
court, Brace & Co , 1938, pp 153—154 
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The “cotton belt” is the only one of these regions where much dam- 
age is done by this storm 10 Moreover, its occurrence is less frequent 
on the eastern coast than farther west During an eight-year period 
only 3 weie tecorded in Georgia and 6 m Florida, whereas 76 and 68 
weie recorded during the same period m Arkansas and Texas re- 
spectively 


SOILS OP HUMID SUBTROPICAL REGIONS 

Because of the relatively heavy rainfall of the humid subtropical 
regions, practically all the soils are non-lime-accumulating (see pp 
95-99) Within the hottest and wettest parts of the realm, as m 
Florida, northern Paraguay, and eastern Australia, the soils are largely 
lateiitic and aie relatively poor in phosphate, potash, and other valu- 
able mineial plant foods 

Redeiths and yellowerths have greater areal extent than any other 
type of soil found in this realm They have developed for the most 
part in aieas of 40 to 60 inches of rainfall and are especially common 
to land that was originally covered with pine forests These soils 
covei more than one-half of humid subtropical United States (Fig 
41), and are widespiead m southwestern Brazil, Uruguay, and south- 
eastern Paraguay, These rederths and yelloweiths, like the lateritic 
soils, are poor in mineral feitihzcrs, and as a result crop yields rapidly 
decline wherever the land is unwisely cultivated In those areas m 
the American cotton belt, where cotton and coin are the majoi crops, 
large quantities of fertilizers are applied in order to maintain worth- 
while crop yield 

Prairyerths are common in the drier and flatter parts of humid sub- 
tropical regions. In such aieas, leaching is slight for two reasons 
first, the rainfall is light, yet high enough for humid crops, and second, 
the land is flat and drainage is not rapid The natural vegetation is 
tall grass as in the pampas of Argentina and m parts of Texas and 
Louisiana (see p 176) The prairyerths are relatively rich m mineral 
fertilizers, and the decay of the vegetation results in the soil’s being 
rich in vegetable matter and, consequently, dark m color. Except for 
alluvial oi volcanic soils, prairyerths are perhaps the most fertile and 
enduring soils of the humid subtropical realm 

During eight years, 1916 to 1923, the “cotton belt” recorded 278 tornadoes, 
while the total numbei recorded m the entire United States was 7J8 
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An enumeration of the crops grown in the various humid subtropical 
regions indicates about the same variety for each— cotton, sugar cane, 
rice, corn, wheat, subtropical fruits, vegetables, pasture, and hay 
This mere listing of the farm products gives no adequate conception 
of the agricultural development Some crops are of major impoi- 
tance in one legion and of negligible value m others. In fact, one 
may travel through large sections of subtropical Asia, southern Brazil, 
and southeastern United States without suspecting from the crop 
culture that the climates of all three areas are commonly classified 
under one type. In the United States cotton is the major crop, and 
millions of farmers have never seen a field of rice, m Japan and China 
the paddy fields are the very source of subsistence, and natives every- 
where are plodding about in the mud, planting and tending the ciops 
with the most minute care In parts of Brazil men think m terms of 
coffee , 11 and the light green of the coffee tree is the most conspicuous 
pait of the cultural landscape And so the contrast continues from 
one of these regions to another In southeastern Australia maize and 
grass are the staple crops, in southeastern Africa a prominent place is 
given to sugar cane, m Argentina and Uruguay, com, wheat, alfalfa, 
and pasture each predominate in one or more sections These differ- 
ences in agriculture, it will be seen from the following study, are 
closely adjusted to differences in climate, land forms, soil, density of 
population, and other factors of the natural and cultural environment. 

Cotton Culture 

Among the civilized peoples of the world, clothing is considered 
one of the necessaries of life, and an extraordinary amount of energy 
is spent in satisfying this need. Highly civilized peoples require 
changes of clothing for summer, for winter, for woik, for play, and 
for social functions— clothing suited to the modifications of both the 
physical and social atmosphere. Cotton is an ideal fiber for much of 
this clothing, especially in hot weather. Well over half of the total 

11 The coffee-growing industry of Brazil will be discussed in the chapter “High- 
lands and Man,” but the coffee-growing region of Brazil fits nicely mto the humid 
subtropical realm. 
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population of the world live m warm climates (tropical or subtrop- 
ical), and most of the remainder live where the weathei is hot part 
of the year However, many of the people within the tropics and 
not a few m the temperate zones are very imperfectly clad If we 
add to these facts the tendency of all peoples to possess more clothing 
as they advance in the scale of civilization, we realize that there is a 
vast potential market for fibers well suited to this demand 

Cotton is also the pnncipal textile for the manufacture of house- 
hold fabncs, and cloth for automobile tnes, and a considerable quan- 
tity 1$ consumed in the preparation of explosives This extensive use 
of cotton in all parts of the world, together with the fact that it is 
grown in restricted areas, has given it first place among the staples 
m international tiade. Cotton textiles normally hold the same rank 
among the products of the factory 

Cotton is grown in all humid subtropical regions, but it is the major 
crop m only one of them— the cotton belt of the United States In 
all the othei regions cotton culture has been handicapped to such an 
extent that development has been slow Parts of the realm, particu- 
larly m China, aie so densely populated that the land is sorely needed 
for glowing food, other parts, especially in South America and Aus- 
tialia, aie so spaisely settled that good potential cotton land still lies 
as waste 01 is used only for pasture, while still other paits are poorly 
suited to cotton culture because of adverse physical conditions. In 
some places the heavy rainfall and moist atmosphere during the pick- 
ing season cause the fiber to be discolored and of pool quality, m 
other places the rainfall is so light and uncertain that the fiber is short, 
the yield small, and the quality poor High export duties, inefficient 
labor, the high cost of agucultural machinery, the depredations of in- 
sect pests, and the keen competition of other commercial crops have 
also presented serious obstacles to cotton culture in various parts of 
the realm 

A study of the cotton cultuie in each of the humid subtropical re- 
gions nidicates that in some of them the factors wluch have retarded 
development are of a fundamental nature, based on adverse physical 
conditions which cannot be easily overcome, in other regions the 
handicaps are merely those associated with frontier conditions, that is, 
handicaps of the cultural environment such as labor shortage, inade- 
quate knowledge of cotton culture, poor transportation facilities, and 
unstable government— disadvantages which are being gradually over- 
come with the industrial growth of the various countries. 
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Cotton Culture in the United States 

Cotton is the most valuable product of the South, and its importance 
is reflected in many of the economic, political, and social problems 
In the cotton belt, it is the basis for most of man’s commercial trans- 
actions, and the size of the crop and the price of the fiber are matteis 
of the utmost concern not only to the fanner but also to the banker, 
merchant, and manufacturer About it frequently hinge tariff issues, 
labor problems, and banking laws Cotton is to the South what sugar 
is to Cuba, coffee to Sao Paulo, and rubber to Malaya It ranks third 
or fourth in value among the crops of the United States, and occupies 
fifth place in acreage. It is normally the most important commercial 
crop of the country, and within the cotton belt its value exceeds that 
of all other crops combined u Under such conditions, it is not sur- 
prising that to the South “cotton is king ” But some countries have 
deposed their kings Similarly the South has been urged from time 
to time to reduce the rank of “King Cotton” and to give more atten- 
tion to diversified agriculture, especially to those crops that build up 
the soil 

Soil Conditions and Cotton Culture Cotton is grown in practically 
all types of well-drained soils, but the density of acreage and the yield 
per acre differ greatly from one type to another Most of the residual 
soils of the cotton belt are relatively infertile, and they deteriorate 
under poor cropping systems much more rapidly than the more fertile 
glacial and alluvial soils of the upper Mississippi Basin The average 
residual soil of the South would be considered mediocre or even poor 
in the com belt and spring-wheat region This contrast has resulted 
m part from climatic differences and in part from differences in meth- 
ods of soil formation In the South the heavy rainfall and the lack of 
protracted frost subject the soil to excessive leaching during the entire 
year Furthermore, over most of the area the rock strata are formed 
from sediment deposited by water which carries away the most soluble 
mineral plant foods, leaving an excess of infertile sand In places,' such 
as the “black belt of Alabama” and the cane and sugar districts of 
Louisiana and Texas, an abundance of lime (shells or fossil beds) was 
deposited which weathered into dark calcareous soils, more fertile 
than most parts of the coastal plain 

lJ The best brief discussion of the cotton-growing industry of the United States 
is contained in the Atlas of American Agriculture, Part V, Section A, U S Gov- 
ernment Printing Office, Washington, D. C , 1918, pp 1-28 
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Though most of the residual soils of the South are lelatively in- 
fertile, some of the alluvial soils are exceedingly rich and productive 
The flood plains of the Mississippi, Arkansas, and Red rivers contain 
some of the finest farm land of the entire nation Much of the low- 
lands called “river bottoms” has an alluvial soil of great depth and 
enduring fertility 13 

Cotton Culture and Soil Depletion. The type of agriculture m the 
South has been such that even the efficient farmer finds it difficult to 
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Fig 124 The acreage given to cotton has greatly decreased during the last decade, 
while that given to hay, wheat, oats, and vegetables has increased Cotton and 
corn are, however, still the dominant crops 


retain the soil, and the careless farmer is assiduously helping nature 
deplete it The farmers foimerly giew primarily cotton and corn- 
crops that require intensive cultivation and keep the surface ever 
leady to be washed away by every rain. Although crops less favor- 
able to soil erosion are increasing, corn and cotton are still the major 
crops (Fig 124) As a result, the cotton belt has suffered more from 
erosion than any other large section of the United States Many 
millions of acres, once good farm land, now lie waste, other millions 
require heavy application of fertilizers m order to make agriculture 
profitable 

The farmers of the cotton-belt states utilized in 1945 approximately 
45 per cent of the fertilizers consumed in the Umted States, and fer- 
tilizers were applied to more than 90 per cent of the cotton land of 

111 An excellent summary of the soils of the South is given by Almon E Parldns, 
The South, John Wiley & Sons, 1938, pp. 57—63 and 70-77 
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North Caiolma, South Carolina, Georgia, and Alabama In spite of 
this fact, much of the land is deteriorating The middle and upper 
coastal plains, composed mostly of sandy loam soils, are easily ex- 
hausted Already a large acreage has been abandoned, and the yield 
on much of the remaining laud is low The soil fertility of the Pied- 
mont Plateau is also difficult to retain The region is hilly, and the 
soils aie led clay which erode easily The alluvial bottoms of the 
Mississippi and other river valleys are the only parts of the cotton belt 
on which the one-crop system of agriculture can be practiced for any 
protiacted period of time without rapid deterioration of the soil 

Climate and Cotton Culture Most of the cotton m the United 
States is grown in areas having an average summer tempeiature of 77° 
or more, and a frost-free season of at least 185 days. The best weather 
conditions for cotton are found in areas where a mild spring, with 
light but frequent showers, merges into moderately moist summer 
weather, warm both day and night, followed by a dry, cool, and pro- 
longed autumn A cool wet spring retards growth or causes die seed 
to lot lather than to germinate The ideal summer rainfall is the 
thunderstorm type with several days of bright warm weather between 
rains The large daily range of temperature m a dry fall favors the 
maturing crop, as it checks vegetation growth and induces fruiting 
Early frost m the fall kills the “top crop” on the upper branches of 
the plant, or causes the bolls to open prematurely, seriously reducing 
the yield As the cotton matures and the bolls begin to open in the 
latter part of August, rainy weather retards maturity, interferes with 
picking, and discolors or damages the exposed fibers. The east and 
south coastal lowland is poorly suited to cotton culture because of 
the heavy autumn rains and the extensive tiacts of poorly drained land 

Major Cotton-Producing Areas of the United States 

The shaded areas shown in Fig 125 are designated as the Umted 
States cotton belt. However, agricultural and economic conditions 
differ markedly from one section of this region to another. The pro- 
portion of farm acreage m cotton and the yield per acre vary widely 
from one area to another, as do also the grades of cotton grown, the 
sizes of the farm, the scale of operations, and the cultural practices 
Most of the laborers in some areas are distressingly poor; many of 
them are illiterate tenants In other sections most of the farmers own 
their land and ate relatively prosperous. Finally, some parts of the 
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cotton belt aie owned and opeiated almost exclusively by white farm- 
ers, whereas other parts of the region are farmed largely by Negroes 

Although die physical and economic conditions within the Cotton Belt are 
not similar throughout, the economic conditions are everywhere built around 
the production and marketing of cotton Almost one-half of the rural popula- 
tion of the United States lives m the Cotton Belt Consequendy one of the 
outstanding problems of this country is related to the income and welfare of 
the cotton farmer The following is a brief regional treatment of the important 
cotton-growing areas of the United States 



Fig 12J The United States cotton belt Within the heavily shaded areas (A, 
B, C, D, E, F) cotton is more important than any other crop (Reprinted bv 
permission from Case and Bergsmark, Modem World Geography, J B Lippin- 

cott Co, 1938, p 111 ) 

Flood Plains of the Mississippi-Arkansas-Red Rivers The flood plains 
of the Mississippi-Arkansas-Red river valleys (designated as “A" in the map 
of the Cotton Belt) contain some of the finest cotton land of the entire Cotton 
Belt This is a land of wet flats, low ridges, cypress swamps, and canebrakes 
(a thicket of tall, slender, hollow, woody vegetation) Much of it is called 
“river bottoms” and has an alluvial soil (sediment laid down by running water) 
of great depth and enduring fertility Most of the “first river bottoms” (lower 
flood plains) are flooded each year unless protected by dykes Other areas 
called “second river bottoms” he above the ordinary flood waters 

Much of the land has been brought under cultivation, and everywhere cot- 
ton is the most important crop In many of the counties 60 to 85 per cent of 
the cultivated land is given to this useful fiber In fact, throughout extensive 
areas cotton is grown to the exclusion of all other crops except corn and the 
minor crops grown for work animals and home consumption. 

Fertile Farms and Poor People These flood plains are almost unsur- 
passed for their fertility, and they produce exceptionally large yields (250 to 
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330 pounds per acre) of long and strong fiber, yet most of the farmers are poor 
and backward, and many of them are illiterate Indeed, very few of them can 
be properly classified as prosperous Those who live on the land own very 
little of it Absentee landlords possess the land, while the actual labor is per- 
formed by Negro and white tenants [who live on farms that average 20 to 30 
acres] 

The area has a large percentage of Negro farmers. Slavery carried the 
Negro to these lands, and mosquitoes, malaria, typhoid, and floods tended to 
keep the white people out Thus in the Arkansas plain Negroes represent 74 
per cent of the total population, whereas they constitute but 26 per cent of the 
population of the state as a whole The population of two Mississippi counties 
is more than 90 per cent Negro 

It is an impressive sight during the cotton picking season to see the almost 
conanuous fields of cotton stretching far across the level land Probably no 
other equal area m the world provides clothing materials for so many people 11 

The Inner Piedmont-Tennessee Valley- Western Mississippi Region. 
This area (section “B,” Fig 125) is the most important cotton-grow- 
ing section of the South The grade of cotton produced in this sec- 
tion is fair and the yield good. Most of the farms are small and 
operated by tenants who use little machinery The hoe, two-horse 
plow, ten-foot harrow, and one-row cultivator are the major farm 
tools Most of the land is in slopes, and, as a consequence, sod erosion 
is a serious problem The relatively high yield of cotton is made 
possible by a liberal use of fertilizers at considerable cost Although 
the yield per acre is fair, the total cotton production per famdy is 
small and the income scarcely provides more than the bare necessities 
of life. 

The Old South The Old South (section “C”) was, in early times, 
the greatest cotton-growing area of the South Howevei, poor meth- 
ods of farming and serious soil erosion have robbed this area of much 
of its sod fertility Moreover, the warm moist climate is ideally suited 
to the ravages of the boll weevil. As a result, cotton culture has de- 
clined while the acreage given to tobacco, peanuts, sweet clover, 
pecans, and other crops has increased The diversification of crops 
came after much of the sod had been all but ruined. This loss of the 
sod— the most valuable resource of the region— is a permanent handicap 
to the economic recovery of the region known as the Old South 
Western Sections of the Cotton Belt A small but very important 
cotton-growing region is situated in central Texas and is known as 
the black waxy prairie (section “D,” Fig. 125) It is a region of great 

14 Reprinted by permission from Case and Bergsmark, Modem World Geog- 
raphy, J B Lippmcott Co , 1938, pp. 111-112 
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fertility, but the light rainfall reduces the cotton yield per acre to 
approximately one-half that of the Mississippi flood plain To offset 
this disadvantage the farms aie large and the farmeis increase their 
income from cotton by growing coin, small grains, and other feed 
crops The livestock industry is also an important source of income 
on almost every farm 

The area lying west of the Mississippi and designated as section “F” 
is as a rule generally infertile and produces a low yield of medium or 
poor glade of cotton The minor areas designated as “G” are given 
largely to fruit, vegetables, and diversified agriculture Cotton is sec- 
ondary in the ciopping system. 

During the last thiity years a most interesting development of 
cotton culture has taken place on the “staked plains” and on neigh- 
boring parts of Texas and Oklahoma This area was once known as 
part of the “great American desert ” Formerly it was considered that 
an annual rainfall of 23 inches was necessary for a profitable crop of 
cotton, but it is now known that 17 inches of rain is sufficient for a 
profitable crop provided 75 per cent of it falls during the growing 
season of 185 days 18 

The staked plains, an area once thought to be too dry for cotton, 
is one of the most progressive areas of the South Here the farmers 
have taken rapid strides forward in methods of agriculture The 
tractor is replacing the horse and the mule, the gang plow and the 
cultivator are taking the place still held m many parts of the South 
by the two-horse plow, the double-shovel, and the hoe (Fig 126), 
and the “sled,” a cotton-harvestmg machine which does the work 
formerly done by six or seven men, is relieving the farmer and his 
family of much of the drudgery which cotton picking still necessitates 
in othei parts of the cotton belt. 

Climatic and topographic conditions on the staked plains have facili- 
tated the use of large-scale machinery to a gieater extent than in most 
other parts of the cotton belt In most sections of the South, the 
acieage which a farmer plants to cotton is limited to the amount which 
he and his family can pick Since this acreage is small there is little 
need to use large-scale machinery in preparing the soil and in planting 
and tending the crop However, on the staked plains and neighboring 
parts of Texas and Oklahoma the cotton-harvesting machine is oper- 

15 Fortunately, in the cotton belt, autumn js the driest season of the year, prac- 
tically all the important cotton regions receiving less than 10 inches of ram dur- 
ing the fall months Atlas of American Agriculture, Part V, U. S. Government 
Printing Office, 1918. 
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ated successfully and has become a great labor-saving device, though 
it has not been used with any considerable degree of success in the 
more humid areas situated farther east. This difference m the use of 
machinery is largely the result of contrasts in climate during the pick- 
ing season Not all the cotton bolls of a given field mature at one 
time. Some bolls are ready for picking several weeks before others 
are ripe Unfortunately, cotton giown m the more humid parts of 



Fig 126 By use of the four-row cultivator two men can tend as much cotton as 
is normally cultivated by the work of twenty-eight mules and fourteen men. 
(Courtesy International Harvester Co of America ) 


the cotton belt must be picked soon after it matures or the fiber may 
be discolored and damaged by rain No cotton-pickmg machine has 
been devised, as yet, which is completely successful m picking the 
ripe bolls and leaving the remaining ones to mature and to be picked 
later ia On the staked plains, however, all the cotton may be gathered 
at a single picking Since the lamfall is exceedingly light and the 

18 Trial experiments m 1946-1947 indicate that a mechanical picker has been 
devised which can pick as much cotton in 1 hour as can be picked in 25 to 50 
hours by hand The machine is expensive and does not completely solve the 
problem of mechanization for the cotton-belt fanner Wherever the mechanical 
picker is used, hand pickers usually gather the bolls that open early and again 
those that open late. It is not economical to send the machine through the field 
to gather a small amount of cotton The extent of the future use of mechanical 
pickets in the hurrud part of the United States is still unknown 
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atmospheie relatively dry during the winter— the period when the 
bolls aie ripening— the bolls that mature first are left on the stalks 
without damage until all are ripe. Under such conditions the “sleds” 
are operated with success and much of the former drudgery of the 
cotton farmer is eliminated 

The level topogiaphy of the staked plains lends itself to large-scale 
machinery in preparing the soil for seeding and in planting and culti- 



Eig 127 Cultivating cotton on the staked plains Note the nature of the topog- 
raphy and the size of the field (Courtesy International Harvester Co of 

America ) 


vating the crop Consequently, within this area each laborer can 
plant, tend, and pick a much larger acreage than is possible in the 
eastern part of the cotton belt The area has therefore become a land 
of the “bonanza cotton farm” (Fig. 127) 

Economic Aspects of Cotton Culture in the South 

Cotton occupies the best land and is the chief source of the farmer’s 
income Since cotton grows on practically all well-drained soils, resists 
drought, and yields well on light, sandy soils to which fertilizers have 
been applied, it is better suited to many of the soils of the South than 
other staple crops. Furthermore, the South has a denser agricultural 
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population and cheaper labor than other parts of the United States 
Both these circumstances favor the production of cotton, as it le- 
quires a large amount of hand labor— except as previously mentioned 
within that part of Texas where large-scale machinery is used— and 
yields high returns per acre As a result, cotton is produced to the 
neglect of other crops. On many farms not enough food is grown 
for home use or to feed the livestock Every year large quantities of 
foodstuffs and gram are imported to be distributed not only to the 
city population but also to the cotton growers on the farms 

In the early 1940’s the acreage given to cotton declined m prac- 
tically all parts of the cotton belt During the years 1926-1930 an 
average of 42,212,000 acres was planted m cotton annually In 1945 
only 17,241,000 acres were planted This decline is associated with 
(1) the increasing world competition in cotton production and the 
resulting low price of the fiber, and (2) the encouragement given to 
cotton growers by the United States Government to reduce the 
acreage given to cotton. 

With the decline in acreage there has been an increase m the yield 
per acre During the decade 1921-1930, the average yield of fiber 
per acre was 126 pounds, during 1931-1940, the yield was 225 pounds, 
and during 1941-1945, the yield was 240 pounds This increase in 
the yield per acre during recent years has been largely a result of 
(1) a reduction in the acreage planted, making it possible to select 
more fertile areas for the cultivation of this fiber, (2) a partial control 
of the boll weevil, (3) an increase m the use of fertilizers, and (4) an 
improvement m the methods of cultivation 

The reduction of the ravages of the boll weevil has been especially 
marked In 1929, approximately one-third of the cotton crop was 
destroyed by this pest; m later years the loss has been held to less 
than 10 per cent. 

Cotton Laborers Poorly Paid The cotton farmer is paid less than 
any other large class of labor in the United States Cotton is pioduced 
by the help of hundreds of thousands of women and children, both 
Negro and white, who get a mere pittance for their labor Many a 
cotton farmer’s wife works all day in the field during the planting and 
chopping season and again during the picking season These laborers 
are really competing, indirectly it is true, with the laborers of India, 
Egypt, and other tropical countries that produce cotton on a large 
scale. If an efficient, labor-saving cotton-picking machine were to 
be widely used, it undoubtedly would lift the income of the cotton- 
belt farmer, but it would also create technical unemployment and 
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would probably result in a shift of cotton-belt farmers to new locations 
and industries (See footnote, p 321.) 

Factors Tending to Decentralize the Cotton-Growing Industry Al- 
most every mdustual country in the world is fostering the develop- 
ment of the cotton-textile industry The unreliability of the cotton 
crop of America (Fig 128) together with the increasing demands of 
the Amencan mills have created a problem of international concern 



Fig 128 Prior to 1934 the United States produced more than one-half of the 
world’s crop of cotton Since then the United States has produced less than one- 
half of the world’s crop each year except 1938 


Foreign countries must have cotton They are, therefore, promoting 
its culture on a wide scale As a result, experimentation in cotton 
growing is being carried on in more than a dozen countries, and m 
some places with surprisingly good results The acreage suitable for 
non-American cotton cultuie is widespread and exceedingly large, 
the yield per acre in several regions is greater than in America, and 
cheap labor, cheap land, and cheap animal power favor some of the 
newly developed countr.es These facts should stimulate the American 
cotton grower to give careful consideration to diversified agriculture 

Cotton Culture in Other Humid Subtropical Regions 

' China. China normally produces approximately 2,000,000 bales of 
cotton annually Since 193d, because of the Japanese invasion of 
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China and subsequent unsettled political conditions, the cotton produc- 
tion of that crowded country has undoubtedly decreased Even in 
normal times China’s cotton production is not sufficient to supply 
the local needs of her enormous population, and she is compelled to 
import from India and America The most productive area is the 
lower Yangtze Basin, where the small province of Kiangsu, situated 
on the coast, grows about one-fourth of the country’s crop This 
cotton, although better than the average Chinese fiber, is short staple 
adapted only to weft and short-end work Experimentations indicate 
that it will be difficult, if not impossible, to improve the quality to 
such an extent that it will compare favorably with the American fiber 
Only native Chinese cotton is suitable for the lower Yangtze as several 
factors militate against the introduction of American species 17 The 
more important of these difficulties are (1) The American varieties 
develop three or four weeks later than the Chinese, and, therefore, 
winter comes on before the bolls open in the cooler area near the 
coast. (2) The greater humidity of the area, similar to that of our 
own coast, stimulates the destruction of both the plants and the bolls 
by fungus diseases, rendering such as may be picked low in quality 
and discolored (3) The fact that the American bolls turn upward 
renders them more liable to such destruction than the pendent Chinese 
bolls. (4) Practically all the coastal land is a two-crop area where 
cotton follows in rotation after a small grain or beans, leaving a sea- 
son too short for the better varieties of cotton to mature This prac- 
tice can scarcely be changed to a one-crop system because of the 
great pressure for food. Even if the American cotton could be grown 
successfully it would stand little chance of being as valuable as two 
crops Since the Chinese farmer has so small a margin over subsistence 
he necessarily plants the ciops which yield the most income. 

A considerable amount of cotton is grown in the southern part of 
the North China plain, but the season there is too short to produce a 
good grade of fiber and the rainfall of most of this area is extremely 
uncertain In the middle and upper Yangtze Basin the climate seems 
to be well adapted to cotton culture, but, as in the lower Yangtze 
Basin, the population pressure is so great that the cotton season is 
shortened in order to get a food crop from the land before the cotton 
is planted 

Cotton Culture in Humid Subtropical South America. The Parana 
Basin contains an area, suited to cotton growing, which is comparable 

17 J. B. Griffin, China Year Book, University of Chicago Press, 1926, pp. 695-696 
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in size to the cotton belt of the United States Development has been 
most lapid in southern Brazil, where, according to the report of the 
International Cotton Commission (British), the natural conditions are 
“superior” for cotton The fundamental factors which favor this 
region aie (1) a large potential cotton-growing area, (2) favorable 
climate, and (3) fertile and well-drained soils Credence is lent to the 
large estimated acreage by the fact that cotton is being grown on a 
commercial scale in every state in southern and eastern Brazil Suit- 
able soil and climate aie evidenced by the high yield, particulaily m 
the state of Sao Paulo, wheie as much as 890 pounds of lint per acre 
have been reported and where the average acreage yield is much larger 
than that of the United States The fiber compares favorably with 
the best upland American staple Why, then, has cotton production 
lagged in Brazil, especially since land is cheap and plentiful 5 The 
answer is found in social and economic conditions It has been diffi- 
cult to procure labor acquainted with the needs of cotton culture, 
modern agricultural machinery is expensive, and its value is not fully 
undeistood, the local government has given little assistance to crops 
other than coffee, the principal source of revenue, and the tariff on 
exported lint makes it difficult for the planter to compete m the world 
markets with the producers in those countries that do not tax exports 
All these handicaps might have been overcome but for the fact that 
coffee has proved, on the whole, a more profitable crop than cotton, 
and has absorbed most of the energies and capital of the planters. 

Northern Argentina contains 250,000 square miles of land much of 
which is excellently suited to cotton growing Its cultivation is at- 
tended with many difficulties, but most of them are associated with 
frontier conditions that may be overcome The leading drawbacks 
to the rapid expansion of the industry are (1) lack of adequate trans- 
portation facilities in the sections cultivated, (2) an inadequate supply 
of labor, (3) uncombated diseases and the pests of locusts, ants, and 
caterpillars, (4) a system which compels the laborers to trade with 
the country stores of the employers, and (5) the dependence of the 
producer on grasping speculators for the sale of his crop All these 
disadvantages can be overcome. 

^Sericulture 

Silk is less extensively produced than cotton and has fewer uses, but 
it represents an excellent if not the supreme accomplishment in the 
production of high-grade textile fiber. Although physical conditions 
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are suited to sericulture in all humid subtropical regions, the industry 
has been developed in only one of them— subtropical Asia— China and 
Japan Prior to World War II, more than 90 per cent of the world's 
output of silk was produced in these two countries and most of the 
remainder came from southern Europe, primarily from Italy and 
France. 

Sericulture and Labor. The fact that silkworm rearing is essentially 
dependent upon manual labor has been a vital factor m determining 
the regions m which sericulture has prospered All attempts to devise 
labor-saving appliances adapted for the care of the worms have failed 
Consequently, the dominance of the industry m China and Japan is 
largely a response to cheap, but frequently inefficient, labor It is an 
outstanding fact that the silk industry of China and Japan is supported 
by the masses of women who work long hours for little pay For 
each pound of silk that is produced 150 pounds of leaves must be 
gathered and fed to approximately 2,500 worms No machinery has 
been devised that is suited to this task Eater a vast amount of work 
is required for reeling the silk even when machinery is used How- 
ever, much of the silk is still reeled by hand Fortunately for the 
industry, the crowded districts of the silk-producmg areas of Asia 
furnish the large supply of labor demanded, and the need for a cash 
crop m these areas affords the necessary stimulant for the hard and 
tiresome work necessary to the industry 

Silk Culture in China Prior to 1900, China ranked first among the 
countries of the world, both in silk production and m export Since 
that date, however, the sericultural development of Japan has increased 
rapidly, whereas in China it has made little progress Consequently, 
for the years 1930 to 1939, Japan supplied 87 to 91 per cent of the 
world's commercial silk. 

Most of the Chinese silk of commerce is produced m a few restricted 
areas of the Yangtze and Si Kiang river valleys where the silkworms 
feed upon the leaves of the mulberry tree, native to these areas. How- 
ever, wild silk, the product of silkworms fed upon oak leaves, is pro- 
duced in small quantities in both Shantung and Manchuria It is 
coarse, in comparison with the white and yellow silk made by the 
worms fed upon the mulberry leaves, and is made into the tussahs of 
commerce. 

Most of China's white silk is produced in the provinces of Chekiang, 
KiahgSu, and Kwangtung. The yellow silk comes mainly from Szech- 
wan and Shantung 18 The most important silk-producmg area of the 

18 China Year Book , University of Chicago Press, 1938, p 70 
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countiy js that surrounding Tai Ho Lake. Here, within an area of 
about 100 square miles, mulberry plantations cover much of the land, 
and the care of the silkworm is the major occupation of the farmer 
and his family. 

The chief silk-producing center of the ICwangtung Province lies 
approximately 30 miles west of Canton. Here, within an area of 250 
square miles, are opeiated 180 filatures (mills for leelmg the silk from 
cocoons), each affording employment for 300 to 500 girls The moist 
climate of this area together with the long, warm glowing season 
makes it possible to produce from six to eight crops of cocoons each 
year, whereas in most parts of Japan only three crops are produced 
These favorable climatic conditions, together with an abundance of 
cheap labor, are ideal for the development of sericulture, provided 
that the disease of the silkworm can be brought under control 

The hot, humid atmosphere which favors the development of the 
silkworm also favors the spread of disease germs and makes the con- 
trol of diseases among worms difficult Until a few years ago the 
faimers of China gave little attention to the selection of disease-free 
eggs. Consequently, it was not uncommon for more than one-third 
of a crop to be destroyed by diseases. Recently some improvement 
has been made in this respect, but the loss fiom disease is still great 
Unfortunately, many of the unhealthy worms live until they are 
almost mature, and, consequently, are given the same caie and feed 
as healthy worms Some idea of the loss m such a case may be judged 
by the fact that the worms from an ounce of eggs will consume about 
a ton of mulberry leaves, provided that they all live to maturity It 
requires 50 pounds of leaves to produce 1 pound of dried cocoons 

If the diseases of the silkworm can be controlled and the sericulture 
of China can be put on a scientific basis there is reason to believe that 
the silk production of the country may be materially increased, for 
there is an abundance of rugged land in China that is better suited to 
the growth of the mulberry tree than to the cultivation of food crops, 
and there is an almost unlimited supply of labor for the promotion 
of senculture 

Sericulture in Japan Before World War II, silk was Japan’s most 
valuable export, and sericulture was second only to rice culture among 
the industries of the island empire. In 1940, more than 2,000,000 
families were engaged in rearing silkworms, Thus in the economy 
of the country, sericulture plays an important role For 10,000,000 
people (2,000,000 families) silk is practically the only cash crop. The 
large-scale use of nylon, rayon, and other artificial fibers is adversely 
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affecting the silk industry Sericulture has been declining for several 
decades in southern Europe and has made little progress in Japan since 
1930 

Silk versus Rayon and Nylon. 18 In recent years the silk industry 
has suffered from the competition of rayon, nylon, and other syn- 
thetic fibers The achievements in the development of layon have 
been remarkable In 192<5, the total world production of rayon and 
nylon was 60 million pounds, in 1941, the output reached 2,835 million 
pounds. Since 1941, world production of rayon and nylon has de- 
clined but the United States production has continued to increase as 
indicated by the following table The importance of rayon and nylon 


Rayon and Nylon Production * 


Year 

United States 

World 

1941 

591,000,000 

2,835,000,000 

1942 

620,000,000 

2,680,000,000 

1943 

656,000,000 

2,573,000,000 

1944 

704,000,000 

2,080,000,000 

1945 

769,000,000 

1,530,000,000 

1946 

875,000,000 

1,800,000,000 


* Rayon Organ, February 1947, p 19, March 1947, p 38 

in the textile industry of the United States is further indicated hy the 
following table Whenever world industry recovers sufficiently from 

United States and World Consumption of Four Fibers in 1946 
Thousands of pounds 

Fiber United States 

Cotton . 4,844,900 

Rayon and nylon 875,400 

Wool 748,400 

Silk 6 , 300 

World War II to get back to full production schedules, it seems prob- 
able that the world production of synthetic fibers will quickly surpass 
that of wool. 

Rice Cu lture i 

Rice is the most valuable crop of the humid subtropics This dis- 
tinctive position is the result of the intensive cultivation of rice in one 
region— southeastern Asia— rather than of its widespread growth in this 

18 In most production figures, nylon is included with rayon 


World ' , 
11,870,000 , 
1,800,000 .u 
3,710,000' , 
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climatic type In fact, although extensive tracts of lowland situated 
in othei humid subtropical regions could be given to rice, the quantity 
now grown is negligible except m small sections of the United States 
and Brazil This fact is indicated moie forcefully in the table 

Approximate Rice Production in the Humid Subtropical Part of Each Continent 


Continent 

As>ia 

North America 
South America 
Africa 
Australia 


Production tn 
thousands of pounds 
70,000,000 
1,580,000 
480,000 
less than 200,000 
less than 500 


Rice the Major Crop of Humid Subtropical Asia. Agriculture of 
southeastern China is inseparably woven around rice production Rice 
is given the dominant place wherever land forms are suited to its 
pioduction, especially during the summer season when weather con- 
ditions favor its growth On many of the small plains of southeastern 
China (Fig. 129) more than 80 per cent of the land is given to rice 
during the summer season Cotton, peanuts, sugar cane, mulberry 
trees, and a variety of vegetables occupy most of the other cultivated 
land Wheat, barley, beans, and rapeseed lepresent major winter 
crops 

Most of the steep slopes of the hill-land remains uncultivated The 
soil on many slopes is thm and relatively unproductive, and that which 
remains is difficult to retain when cultivated Under such conditions, 
yields aie insufficient to pay for the great amount of human effort 
required to cultivate the land with the crude agricultural equipment 
possessed by the backward Chinese farmers of this region 

The Yangtze River plain and the Si River delta have ideal environ- 
ments for water-loving rice The summer rainfall is abundant and 
well distributed, the temperatures are high, and the soil is fertile and 
easily irrigated by a network of canals Under such conditions rice 
yields are large. 

The Yangtze plain (Fig. 129) produces more food and supports 
more farmers than any other comparable area in the world with the 
possible exception of the Nile Valley and the lower Indus Valley 
This alluvial plain is divided into innumerable patches of land It is 
irrigated by a fine network of canals and is fertilized by the mild of 
irrigation waters and by night soil The fields are always in use and 
three crops a year are common. The crops of the Yangtze plain are 
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Fig. 129 Most of the land of China is rugged and ill-suited to agriculture Land 
forms (I) Liao plain or south Manchurian plain, (II) loess uplands, (III) North 
China plain, (IV) Szechwan Basin, (V) Yangtze plain, (VI) hills and small plains, 
(VII) plateau. Cities (A) Peiping (Peking), (B) Tientsin, (C) Mukden, (D) 
Dairen, (E) Chungking, (F) Hankow, (G) Nanking, (H) Shanghai, (/) Canton, 
(/) Hong Kong Rivers* (1) Hwang Ho, (2) Yangtze, (3) Si Kiang. 
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very similar to those of the small plains of southeast China as previously 
given. The mulberry tree is impomnt m the deltas of both the 
Yangtze and Si rivers These trees aie often grown along the canals 
or lake shores where an abundance of mud for fertilizers can be ob- 
tained. 

The Szechwan Basin is one of the most scenic and productive areas 
of China (Fig 129) This basin was occupied by a lake in former 
geologic times After the lake was diamed by the headwaters of the 
Yangtze River, the old lake bed was badly dissected by streams that 
have cut valleys 1,000 to 1,500 feet deep Thus the basin is excep- 
tionally lugged except for a few river flood plains, the most notable 
of winch is the Chengtu plain. 

The climate of the Szechwan Basin is warm and humid, and the 
surrounding mountains protect the region from cold winter winds 
The soil is fertile and the streams carry an abundance of sediment 
which fertilizes irrigated fields The land is therefore exceedingly 
productive Some of the hills have been terraced to the top 

These factors permit an exceedingly diversified agricultural de- 
velopment Consequently, Szechwan is less dependent on rice than 
are many other sections of southern China Only about 30 per cent 
of the cultivated land is given to rice culture The major crops are 
rice, winter wheat, barley, beans, cotton, tea, poppies for opium, 
oranges, sugar cane, the mulberry tree, tobacco, hemp, and a great 
variety of vegetables 

Japan represents an extieme case of a nation that is land hungry 
Stripped of her empire, Japan consists of four large islands together 
with hundreds of smaller islands clustered around the larger ones. 
Only 20 per cent of Japan’s land can be cultivated and only 15 per 
cent of the land is classified as level. With less than 30,000 square 
miles of cultivable land, Japan finds it difficult to produce enough 
food to supply her 68,000,000 people 

Fortunately, Japan is the rice-producing country par excellence and 
more than one-half of the cultivated land is given to this cereal 
Among the food crops rice stands pre-eminent with no other crop 
even a close second (Fig. 130) A prodigious amount of work must 
be done to grow the Japanese rice crop The field for paddy rice must 
be made almost perfectly level, then low banks of earth must be built 
around the plot in order to keep in the water; and finally a system of 
irrigation must be arranged to make good the loss of water by evapora- 
tion, leakage, and the continual movement of some of the water to 
adjoining plots having a lower elevation 
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More than one-third of the paddy-field area of the country can be 
dried off and made suitable for a second crop of barley, wheat, rye, 
beans, or peas The farmer has two advantages if, owing to the 
topography, the land can be readily drained first, he can grow two 
or more crops each year, and second, he has the pleasure of tending 
all but the rice crop diy shod The one-crop paddy is under water 
practically all the year, and consequently the laboier usually has wet 
feet while cultivating the land 
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Fig 130 No other country depends so largely on one major crop as does Japan 
{Statesman’s Yearbook, 1946, p 1052 ) 


After the paddy fields are prepared for cultivation, swamp-rice cul- 
ture still necessitates an abundance of labor under unpleasant condi- 
tions The fields must be plowed, the rice must be sown and later 
replanted by hand, and all the while the fields must be properly 
flooded from time to time and carefully cultivated There still remain 
the harvesting, threshing, and cleaning of the gram— winch is all done 
without the aid of machinery Most of this work in addition to being 
tiresome drudgery is unhealthful But rice is the crop best suited to 
support a dense population on hot, wet lands unfit for other cereals 
The yield is large, and the rice is a wholesome food, quickly and easily 
digested— factors which are important in warm, damp aieas where 
other cereals cause indigestion 

Rice Culture in the United States. Rice growing has been a planta- 
tion industry m the South since early colonial days, and the need of a 
forced labor supply in fields so ill-famed for their unhealthful condi- 
tions was a major influence in making slavery a recognized institution 
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m the United States. Perhaps no other Amencan crop was produced 
so completely with slave labor before the Civil War Since that time 
the mdustiy has declined on the east coast until today only a few 
thousand acres are harvested each year In 1849, more than 200,006,- 

000 pounds weie grown in North Caiolina, South Carolina, and 
Georgia, in 1863, the pioduction was less than 2,000,000 pounds 
Aftei the Civil War the industry was revived m these states for a time 
but soon fell into decay once moie 

The piesent neglected state of rice culture on the east coast reflects 
the labor situation rathei than the physical conditions Large sections 
of the coastal plain are low tidal marshes of exceptional fertility, and 
many of the streams have broad, fertile plains which merge into reedy 
maishes or swamps near the level of high tide Much of this low- 
lying land is exceedingly flat and can be easily irrigated after it has 
been diked and ditched 20 In China such land would be carefully 
cultivated and would support a dense population But in America it is 
difficult to find laborers willing to work in steaming rice fields except 
wheie modem machinery can be used to lighten the drudgery. Little 
advance has been made in devising harvesting machinery suitable for 
coastal swamp lands, and Onental hand-labor methods are still the 
rule It is not likely that rice culture will expand rapidly in these 
areas until population pressure becomes much greater than at present 

During the last few decades a new method of rice culture has been 
developed in Louisiana, Texas, and Arkansas which differs as markedly 
from that of the Orient as the East does fiom the West In these 
states Amencan machinery has been substituted for hand labor, and 
most of the rice is grow on level prairie lands which are more health- 
ful than the coastal swamps Here dikes and ditches are made by 
steam-driven shovels, the ground is plowed and cultivated by ma- 
chinery much like that used in the corn belt, and irrigation waters 
are supplied from leservons, wells, and streams by the simple operation 
of levers, switches, or other mechanical devices Before harvest time 
the water is drained from the gently sloping plain so that the ground 
becomes film enough to support heavy binders or, m some cases, 
combines Thus by use of modern machinery one man may take 
care of 80 to 160 acres of rice each year with less drudgery than is 

20 For an excellent summary of the physiography of the coastal plain see 

1 Bowman, Forest Physiography, John Wiley & Sons, 1914, pp 518-542 For a 
more detailed study of soils, drainage, erosion, and other factors influencing the 
agriculture of the coastal plain see Nevm M Fenneman, Physiography of Eastern 
United States, McGraw-Hill Book Co, 1938, pp 1-120, 
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required of the Chinese farmer who ekes out an existence from a few 
small paddy fields, frequently scattered about in patches of less than 
an acre each (Fig. 131) 

It has been estimated that there are 10,000,000 acres of land in the 
South well suited to rice culture, an acreage 25 per cent larger than is 
given to the paddy fields in Japan It seems probable, therefore, that 
as population pressure increases more land will be given to this valuable 
cereal Such development will probably be slow, as under the best 



Fig 131 The Texas fanner can tend fifty to eighty times as much land in rice 
as is cultivated by the average Japanese or Chinese fanner, and some farmers can 
produce sixty times as much rice 


conditions rice growing remains an unhealthful occupation Even on 
the prairie, the warm, moist atmosphere and wet soil are well suited 
to malaria and other subtropical maladies, and the debilitating climate 
weakens man’s constitution, making hmi more susceptible to these 
diseases 

Rice Culture in South America. There is much marshy land suited 
to rice culture in northern Argentina and southern Brazil, but because 
of the sparse population only a small acreage can be given to a crop 
which requires so much labor In Paraguay most of the rice is grown 
on the flood plains lying between the Paraguay River and the railway 
In southern Brazil most of the rice is grown in small patches here and 
there for local consumption. 


Sugar-Cane Production 

Although sugar cane may be grown in all parts of the humid sub- 
tropics, it is of minor importance except m a few favored localities 
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The yield is so greatly leduced by short seasons, frosts, droughts, dis- 
eases, and insect pests that artificial stimuli, such as tariffs and bounties, 
are usually necessaiy to make cane growing profitable In spite of 
government aid, less than 3 per cent of the world’s commercial crop is 
grown in humid subtropical regions. The reason foi this situation 
results piimanly fiom the fact that the climate of humid subtropical 
regions is not well suited to the production of sugar cane Since it 
is a plant of tropical ongm, its cultuie in subtropical areas, near the 
poleward limits of production, is attended with climatic hazards This 
warmth-loving crop thrives best in frost-free areas which have a 
rhythmic rainfall such as that of the wet-and-dry lealm of the tropics 

Sugar-Cane Production in Southeastern United States. Sugar cane 
is giown in all the South Atlantic and Gulf states for the manufacture 
of syrup and in Louisiana for the production both of syrup and sugai 
Since frost occurs in all these states it is necessary to harvest the cane 
before it matures and while the sugar content is low. Since cool 
weather hastens the maturing process it is common practice to let the 
cane stand in late fall until warnings of damaging tempeiatures are 
received, then eveiy available man is set to the harvest Jl Under the 
most favoiable conditions the sugar content is still low at harvest time. 
Thus, m Louisiana the average yield of sugar per ton of cane is only 
<50 to 70 per cent of that of Hawaii, Cuba, and Puerto Rico Moie- 
ovei, in Louisiana there is always more or less loss as a result of low 
temperatuie 

This handicap is partly offset by the fact that immature cane is rich 
m invert sugar, rendering it peculiaily suitable for the manufacture 
of syrup and molasses The receipts from the sale of these two prod- 
ucts by the sugar factories of the South, primarily Louisiana, are larger 
proportionally than in any of the major regions of cane-sugar pro- 
duction. 

Frosts and short seasons are not the only climatic handicaps to sugar 
production m these regions; rainy winters, floods, droughts, and wind 
storms all add to the planters’ difficulties 2 - Cane needs a wet season 

In Louisiana several hundred thousand dollars’ worth of cane may be cut m 
the 24-hour period following n cold-wave warning, in New South Wales and 
southern Brazil the crop is frequently cut short by unexpected frosts. China, 
with her large cane production in areas where frosts are frequent and severe and 
where weather service is poor, undoubtedly sustains heavy losses each year, 
although statistical proof is lacking 

2S These climatic hazards exist in all humid subtropical regions, For example, 
m the fall, when the cane needs an abundance of sunshine and a light but well- 
distnbuted rainfall, the Natal farmer watches the weather with anxiety, for it is 
the season of worst storms and greatest extremes In rainfall Between 1890 and 
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to give it a full growth, and a drier sunny period to insure a large 
sucrose content In southern United States the autumn and winter 
rainfall is heavy, and in most of the other regions it is extremely un- 
cel tam In Louisiana the sugar harvest is increased by any variation 
from the noimal umfoimly distributed rainfall tendencies, towards 
closer approximation to its seasonal character near the tropics Heavy 
winter rains not only reduce the sugar content but also favor the de- 
velopment of the principal insect enemy— the corn-borer moth. Data 
gathered by Louisiana Experiment Stations from many parts of the 
world show that the yield is closely related to this seasonal rainfall 
regime, provided that the crop is not injured by storms or pests 

Unfortunately for the sugai-cane planter, tropical cyclones and ac- 
companying floods are most frequent in the autumn when the cane is 
maturing and is least suited to stand such conditions In 1927 one 
such storm along the coast of Queensland caused a loss of 50,000 
tons of sugar (500,000 tons of cane) Such a storm frequently twists 
the cane of Louisiana in eveiy direction and then beats it to the 
ground, reducing the yield and making the harvest difficult and expen- 
sive When the harvest is completed the Louisiana farmer must put 
aside almost one-eighth of his crop for planting the following year, 
whereas his competitors of the tropics harvest crop after crop from 
one planting 28 The total effect of these adverse conditions is shown 
clearly in the fact that, during the years 1925 to 1945 inclusive, the 
average acreage yield of sugar m Louisiana was only 1,870 pounds 
while that of Hawaii was 13,140 pounds The average production per 
acre in Java is approximately 8,660 pounds, in Cuba 4,910 pounds, and 
in Puerto Rico 4,540 pounds 

Citrus Fruit Production 

Oranges are grown in all humid subtropical regions, but they are an 
important commercial crop in only one of them— southeastern United 

1937 there were seven occasions when the precipitation for the month of March 
was more than 10 inches (20 17 in 1925, and 19 09 in 1927) On the other hand, 
there were nine years when the total record was less than 2 inches 
23 Sugar cane is propagated from either seed cane or roots If the roots are 
left in the ground new shoots (ratoons) will sprmg from them and a crop may be 
obtained without further planting The other method of propagating is by laying 
the canes in furrows and plowing them under Shoots will then spring up from 
each joint The climate of Cuba is so admirably adapted to the growth of cane 
that it may be ratooned profitably for ten or more years, whereas in Louisiana 
it is not profitable to ratoon for more than two years. The third year the land 
is usually plowed and planted to some nitrogenous crop such as peas 
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States Flonda is surpassed by rvvo regions, Mediterranean Eurasia and 
southern California, in the production of oranges The peninsular 
position of Florida assures the state milder winter tempeiatuies than 
are found in any other part of eastern United States. Even with this 
piotection fiost sometimes invades the state, and the northern section 
frequently experiences severe fieezes During the wmtei of 1894-1895 
a severe fiost not only destroyed most of the orange crop of Florida 
but in addition killed many thousand trees When the industry re- 
vived, most of the groves weie located farther south, where the north- 
west winds of wmtei were tempered by the warm waters of the Gulf 
Recently the industry has been pushing northward again, but, since 
the dangeis of the location are better known than m 1894, the planters 
make piovision to protect their groves when necessary by some of the 
methods of artificial heating which have been devised 

The climate of southern Japan is suitable for manges, and the em- 
pire lanlts thud among the countries m production On many of the 
hill slopes of the southern islands the orange tree is an important fea- 
ture of the landscape 

Paiaguay, southern Biazil, and northern Argentina have gieat poten- 
tialities for oiange production, and both wild and cultivated trees ap- 
pear in great numbers Paraguay is especially well suited to orange 
culture, and within the more populous districts along the mam rivers 
and the Central Railway groves are abundant. Although little care is 
given to the tree the fruit is large, juicy, and of excellent flavor 

Unfoitunately Paraguay is a long distance from the important orange 
markets of the world, transportation facilities are poor and too slow 
and umehable to be well suited for the export of a product that is so 
highly perishable as the orange, and finally the Paraguayan orange 
meets severe competition by Brazilian and Argentine oranges m the 
laiger uiban markets of southern Brazil and Aigentina, and especially 
at Buenos Aires, the major orange market of South America 

Alfalfa, Wheat, Corn, and Flax 

Although alfalfa, wheat, com, and flax are grown in all humid sub- 
tropical regions, only the South American region gives a large acreage 
to each of these crops, and a relatively small acreage to rice, citrus 
fruits, and tea— crops usually associated with humid subtropical agri- 
culture. This situation is a response m part to the sparse population 
of the region, and in part to the necessity of growing crops best suited 
to a relatively light and unreliable rainfall. 
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Alfalfa, Alfalfa is Argentina’s most successful crop It occupies 
more than 13,000,000 acres, or about the same as that harvested in the 



Fig. 132 (Courtesy U S Department of Agriculture ) 

entire United States in 1945 Alfalfa is well suited to the unreliable -* 
rainfall of the pampas because of its ability to send its roots deep into 

24 Conmodity Year Book, Commodity Research Bureau, New York, 1939, 
p. 172. 
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the poious subsoil of this legion in search of moisture It theiefoie 
yields well even during dry years and supports from thiee to five times 
as many cattle pei square mile as the native grasses At the same time 
it enriches the soil because of its nitrogen-fixing characteristics 
Cattle that are pastuied on alfalfa grow rapidly, becoming exceed- 
ingly fat, and then meat is of much better quality than that of cattle 
fed on native grasses Since alfalfa land supports not only more cattle 
but also better cattle than aie raised on native pasture, the intioduction 
of this nutntive crop mci eased the value of some of the Aigentina 
pampa land eight to ten fold (Fig 132) 

Wheat Wheat is the majoi commercial crop of Aigentma and is 
grown to a lesser extent in Uruguay and southern Brazil The fertile 
soil and level topogiaphy of the pampas both favor the extensive cul- 
tivation of wheat But the poor agricultural methods employed in 
many sections, the climatic handicaps of drought, excessive rains, or 
frost, and the invasion of locusts all tend to induce low yields The 
northern part of the wheat belt is frequently invaded by locusts, which 
fly south from the Chaco in great numbers The females lay eggs 
which bung foith countless millions of locusts— the gieatest scourge 
of the northern part of the wheat belt Fortunately much of the 
wheat is harvested before the plague of locusts leaches its height, so 
that the damage done to this crop is less than that to corn, which 
matures later. Drought may occur in any part of the wheat belt, and 
heavy rain at harvest time sometimes injures the crop, especially along 
the tropical border of the belt m Santa F6. 

The Corn Belt of Argentina Corn is grown in all the humid sub- 
tropical regions, but there is only one area of any considerable size 
which may be designated as a corn belt, and that area lies within the 
lower Parand Basin, Aigentma Although the Argentine com belt is 
not ideally suited for com, that cereal is the dominant crop of the 
area, occupying more than one-half of the cultivated land 
On the whole, the corn yield is extremely unreliable (Fig. 133) 
During bad years the yield may drop to less than 12 bushels per acre, 
and in 1943 it was only 6.3 bushels per acre, during good years the 
yield exceeds 30 bushels per acre, This extreme fluctuation is largely 
a response to the great variation in the amount and seasonal distribu- 
tion of rainfall Years of drought are followed by years of super- 
abundance of precipitation. For maximum yield, com needs an abun- 
dance of ram during the earing period, which in Argentina comes m 
December and January, but the rainfall of this period fluctuates widely. 
Punng years of drought, locusts are likely to be a serious pest and 
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may completely destroy not only the com crop, but all other green 
vegetation over a considerable portion of the com belt, and thereby 



Fig 133 Corn production in Argentina The acreage yield of com in Argentina 
is exceedingly unreliable In 1943, the average acreage yield was only slightly 
more than 5 bushels per acre, whereas in 1944 the yield was almost 30 bushels 


per acre 


bring distress or rtun to many farmers. Even when a fair crop ma- 
tures, much of it may spoil in the field as a result of high temperatures, 
high humidity, and excessive rainfall. 
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In spite of these handicaps, Argentina normally ranks second only 
to the United States in the production of corn, and stands first among 
the countries of the world as an expoiter of this pioduct The loca- 
tion of the corn belt on either side of the Parana River permits ocean 
steamers to penetiate almost to the heart of the area, giving Argentina 
an enviable position foi export trade 

Flax Argentina now leads the woild in the pioduction of flaxseed 
(linseed), the rau material from which the linseed oil of commeice 
is manufactured Flax is well suited to the region m that it is a 
drought-i esisting crop and can stand high temperatures and variable 
weather Consequently, the yield is less variable than that of most 
other crops of the pampas Since flax makes heavy demands upon the 
feitility of the soil it is fortunate that the land is given to this crop for 
only a short period— two or three yeais— before it is sown to alfalfa, a 
soil-enriching crop 

Flax is grown largely as a stepping-stone in getting the land sown 
to alfalfa Since flax is a cash crop which brings quick and reliable 
returns, wealthy landowneis are able to rent then land to tenants, 
who, after taking off a few ciops of linseed, sow the land m alfalfa 

SOCIAL CONDITIONS AND ENVIRONMENT 

The science of social geography is exceedingly complex, as is clearly 
indicated m the humid subtropics The geographic bounds for races, 
religions, customs, manneis, recreation, and architectural designs are 
not limited by rainfall, temperature, relief, and other physical factors 
to such an extent as are most of the economic activities Man is a 
wanderer on the earth He may move quickly from one physical 
environment to another, but he takes with him his biological, psycho- 
logical, and cultural charactenstics These he cannot cast off im- 
mediately— perhaps not at all, even though some of them may be dis- 
tinct handicaps in the new environment In any society today the 
culture has been “borrowed” from so many sources that it would be 
difficult to trace its origin SB 

The most diversified social conditions are to be found in Natal 
The fertile fields and favorable commercial opportunities of this ter- 
ritory have attracted people from more than a score of countries 
William D, Boyce writes m Illustrated. Africa that the east coast is a 

25 Culture may be spread sitnply by transmitting the symbols of culture without 
the migration of peoples, An excellent discussion of cultural diffusion is given in 
A L Kroeber, Anthropology, pp 194—215, Harcourt, Brace & Co , 1923 
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combination of the quaintness of India, the color of Zululand, the well- 
ordered administration of British government, and the business ability 
of English and Scotch merchants and shipping agents. English 
churches, Jewish synagogues, Mohammedan mosques, and Hindu 
temples are side by side Motor cars driven by white chauffeurs and 
pnrikishas pulled by fantastically garbed Zulus compete for the pas- 
senger business Laborers from a score of countries work in fields 
markets, and shops 

In southeastern United States the need for labor able to stand the 
hot humid atmosphere of the rice fields and cotton plantations resulted 
in the importation of the Negro and created America’s most perplex- 
ing color problem, ramifying the political, social, and economic or- 
ganizations of the South The political problems culminating m the 
Civil War are not yet ended, the social problems such as intermarriage, 
lynching, and racial superiority are ever with us, and even m some 
economic activities the color line is rigid, making it difficult for the 
Negro to succeed 29 

But the racial problem might have been worse The region was 
settled at a time when eastern Asia was exceedingly remote, considered 
in terms of time and cost of transportation As a result, Chinese, 
Javanese, and Indian laborers could not be so cheaply and easily se- 
cured as they could m Natal at a later date when her plantations were 
being developed. The African slave trade consequently seemed the 
best solution for the labor problem of the South 

The same demand for plantation labor that brought Negro slavery 
into southeastern United States brought it into Brazil But as in Amer- 
ica where it did not flourish in the North, so in Brazil it made little 
progress in the southern part From Rio de Janeiro southward, people 
who are wholly white or nearly white predominate, and in Argentina 
and Uruguay the institution of slavery was never developed In these 
lands the wide range of pastures, the broad expanse of plateau near the 
tropics, and the ease with which cereal culture could be promoted, 
all made for an agricultural and pastoral development suited to Euro- 
pean peoples Plantation agriculture has not been especially pros- 
perous except in the coffee district, where the harvest season (winter) 
has a delightful, pleasant climate well suited to European labor It is 
not surprising then that the humid subtropical South America has 
attracted immigrants from every part of Europe Almost a million 
German colonists had gone to southern Brazil prior to the outbreak 

20 See Benjamin Brawley, A Social History of the American Negro, The Mac- 
millan Co., 1921, pp. 297-340 



344 THE HUMID SUBTROPICAL REGIONS 

of the World War in 1914, about 80,000 Poles, Austrians, and Russians 
live in the little state of Para, and thousands of French, English, Swiss, 
and Swedes have made southern Brazil their home Similarly Argen- 
tina has attracted many European peoples Approximately 2,000,000 
Italians, 1,150,000 Spaniards, 200,000 French, 70,000 Austrians, 50,000 
Germans, 30,000 Swiss, 21,000 Belgians, and 75,000 other Europeans 
have emigrated to Argentina since 1895 Truly humid subtropical 
South America is a veritable melting-pot for European races and cul- 
tures 

Indian blood is still dominant in some of the interior sections, but 
the race is no longer pure Only a minor fraction of the people of 
Paraguay aie pure Indians, but even a smaller fraction are pure whites 
It is essentially a mestizo race, but the official and literary language is 
Spanish 

In the other humid subtropical regions no serious racial problems 
have been created The populations of Japan and southern China are 
almost 100 per cent native, while that of southeast Australia is domi- 
nantly British Remoteness of Australia from the great industrial 
centers of the world and the resultant difficulty of marketing bulky 
products have retaided the development of plantation, agriculture 
Consequently there has never been any large demand fqr cheap labor 
m that continent Moreover, the Australians have taken- note of the 
serious consequence of racial problems in other countries and have de- 
cided to keep Austiaha white 

It is seen from the foiegoing discussion on social conditions within 
the humid subtropical regions that the human element is as important 
as the physical The exact social situation in any one of these legions 
is lelated to the time of settlement, the moral, political, social, and 
economic standards of the colonizers at the time of settlement, the 
exact nature of the opportunities for various types of people during 
the period of migration, and the proximity of the region to various 
races and types of culture. Physical conditions have been important 
factors in that they have set the bioad limits to what man can do 
successfully. Man has made his selection, so far as he was free to 
choose, in response to the opportunities afforded in these regions 
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Chapter 10 


REGIONS OF MEDITERRANEAN 
CLIMATE 

LOCATION 

Several widely scattered regions of the world have climatic patterns 
that are very similar to the one that prevails on much of the border- 



Fig 134 The regions of Mediterranean climate occupy only a small percentage 

of the earth’s surface 


lands of the Mediterranean Sea The climate that has these patterns 
has been almost universally accepted as the Mediterranean climate. 
Although this type of climate is most widely developed in the border- 
lands of the Mediterranean Sea, it also prevails m southern California, 
central Chile, southwest Africa, and southern Australia (Fig. 134). 

Mediterranean climates are located on the western side of continents 
and on the tropical margins of middle latitudes (latitude 30± to 40±) 
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They are intermediate in location between areas of the westeily winds 
with their rain-bearing cyclonic storms on the one side, and the rela- 
tively diy high-pressuie aieas and trade winds on the othei 

THE CLIMATIC PATTERN 

Although the climates of all these regions aie similar in pattern, 
each region has a considerable range m piecipitation and temperature 
This diversity m climatic conditions, together with the diversity in 
topography, affords opportunity foi a variety of human adjustments 
to the environment and especially to the uses of the land 

General Characteristics. The Mediterranean climate possesses es- 
sential unity and individuality in spite of the notable differences from 
one locality to another It is distinguished by three mam character- 
istics ( 1 ) most of the ram falls in the winter half-year, and there is 
diought, more 01 less complete, in summer, (2) the winters are mild 
with average tempeiatures for the coldest months above 40° F, and 
the summers are hot and dry, with mean temperatures for the hottest 
month averaging 70° F. to 86° F, and (3) as previously indicated 
the skies aie sunny, being almost cloudless in summer and having a 
high percentage of sunshine in winter There are, however, local dif- 
ferences, and these are due mainly to (1) latitude, that is, location with 
lespect to the westeilies and tiade winds, (2) proximity to mountains, 
deserts, or large bodies of water, (3) topographic conditions— exposure 
to winds fiom deserts, mountains, or large bodies of water 

Precipitation The rainfall of legions having the Mediterranean 
climate is alternately that of the westerlies and of the tiopical high- 
pressure belt or the trades. During the winter of the northern hemi- 
sphere, the southern position of the sun, and consequently of the wind 
systems, bungs southern California and the borderlands of the Medi- 
terranean Sea under the influence of the westerlies, likewise, during 
the winter of the southern hemisphere, central Chile, southwest Africa, 
and southern Australia aie more or less in the path of the westerlies 
Moderate rainfall is the result (Fig 135) 

In summei, when the trades are extended poleward the regions 
having the Mediterranean climates he in the high-pressure belt (trop- 
ical calms) and the trades Both are drying winds, and, accordingly, 
fair weather prevails. The trade winds blow equatorward, become 
warmer, and, therefore, give up little moisture. The air in the tropical 
high-pressure belts is being warmed by a downward (settling) move- 
ment, and its capacity for moisture is increased. Such air movements 
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Fig 135. Rainfall and temperature records for four stations of Mediterranean 

climate 
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result in a rainless summer except on the windward slopes of moun- 
tains or where strong convection results in local showers Convec- 
tional storms are not frequent, but at times they are violent 
Since the westerly winds with then cyclonic storms supply most 
of the moistuie to the regions having Mediterranean climates, it is 
apparent that the poleward areas have a much longei rainy season than 
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Fig 136 The westerly winds blow for a longer period of time at San Francisco 
than at San Diego The results are clearly shown in both the temperature and the 
rainfall of these stations 


the equatorward maigins Foi example, as the westerlies move south- 
ward in California they begin blowing at San Francisco with consider- 
able regularity and strength early in November and continue to blow 
until April They do not reach San Diego, however, until late No- 
vember or early December, wheie they are never strong or persistent, 
and they become weak after the middle of March The resultant 
effect on rainfall is clearly shown in Figs 135 and 136. 

Near the poleward margins of the regions that have Mediterranean 
climates the season of somewhat reliable rainfall is sufficiently long 
to permit agriculture without irrigation. Toward the equatorward 
margins, irrigation becomes more and more necessary until the Medi- 
terranean climates giadually give way to tropical steppe and desert 
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climates, where agricultural development depends almost entirely upon 
the artificial application of watei 

Some of the mountainous areas of these regions have heavy precipita- 
tion The heaviest rainfall of Europe, 183 inches per year, is recorded 
cn the east coast of the Adriatic Sea This, however, is mountain 
climate rather than Mediterranean Precipitation not only increases 
from equatorwaid to poleward and from lowland to highland, but 
where peninsulas or promontories are found m regions of Mediter- 
ranean climates the western (windward) sides of such physical features 
normally receive more rainfall than the eastern (leeward) slopes 

Winter Temperatures The winters are mild, the coldest month 
having a mean temperature above 40° F and, in most of the area, 
above 50° F These temperatures are pleasant for light out-of-door 
exercise, and winter is the principal tourist season 

Near the equatorward margins, especially m areas sheltered from 
cold continental winds, frosts are rare, and even the lemon tree, sensi- 
tive to cold, flourishes In large parts of the Mediterranean climatic 
regions frosts seldom occur, and the loss of crops from freezing is 
consequently small during the normal year Occasionally, however, 
freezing temperatures aie experienced m a large part of Mediterranean 
Europe and of southern California In December 1895, frost caused 
heavy losses in the orange belt of California, again m 1913 the loss 
from frost was severe, and m 1921 southern California experienced the 
worst freeze on record, during which approximately $50,000,000 worth 
of oranges alone were destroyed 

Summer Temperatures. The summers are hot except where tem- 
pered by ocean breezes. Everywhere the temperature increases in- 
land Wherever the region is open to winds from a tropical desert, 
the temperature becomes at times exceedingly high. 

Effects of Cool Currents. In the Eurasian region, even the sea 
breezes are often hot, owing to the influence of the Saharan winds 
which are only slightly modified by the warm waters of the Medi- 
terranean Sea. The other regions of this climatic type are bathed by 
cool ocean currents from which a sea breeze is always refreshing 
Thanks to the presence of the cool Pacific Ocean Current, the sum- 
mers at Los Angeles average about 11° F cooler than at Beirut, which 
lies m the same latitude and is also directly upon the coast This 
cool ocean current is a valuable asset to California The energy of 
the people is not sapped by the extreme heat, and the ground does not 
become parched so badly as it otherwise would through rapid evapora- 
tion The cool waters of the Canaries Current, coming from higher 
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latitudes., bathe the coastal region of northwest Africa and give this 
area a surpnsingly uniform temperature curve In southwest Africa 
the Benguela Current has the same effect 

Effects of Desert Winds. Many areas where Mediterranean cli- 
mates prevail are visited by hot winds fiom deserts which border 
them on the equatorward or landward sides In southern Italy these 
winds are so debilitating and annoying, so trying on the human morale, 
that leniency frequently is shown to those who commit cnmes while 
such winds blow In southern California hot winds, called Santa Anas, 
sometimes blow from the desert to the east, often with great force 
They are hot, dry, dusty, lip-cracking, unpleasant visitations They 
parch vegetation and blistei fruit 

Cold Winds Cold winds are also experienced in many Mediter- 
ranean areas during the winter AH regions that have Mediterranean 
climates are marginal and are backed by mountainous uplands Occa- 
sionally under the influence of a passing anticyclone the air lies over 
these uplands until it becomes many degrees colder than the air in 
the lowlands It may then flow down into the valleys as a cold, 
strong wind Such a wind, the mistral, sometimes rushes down from 
central Massif (south-cential plateau) into the Rhone Valley with 
destructive force and freezing temperatures, killing vegetation, and 
causmg much suffenng of man and beast A similar wind, the bora, 
blows at the head of the Adriatic Sea 

Health Conditions in Regions of Mediterranean Climates. Few 
climates are better suited to geneial healthful conditions than those of 
the Mediterranean legions Yet it was formerly a belief, amounting 
to almost a conviction, that the warm fall rains, associated with decay- 
ing vegetation, produced a “miasmic” atmosphere which caused 
malaria This belief was not wholly without foundation The 
Anopheles mosquitoes— carriers of malaria— breed in stagnant pools, 
damp lowlands, or water-filled holes situated in warm regions It is 
not surprising that this disease, prevalent in all tropical and subtropical 
climates, should be especially virulent m regions of Mediterranean 
climates where the rain falls chiefly in winter and the summers are 
dry. In such a climate, during the hot dry season, stagnant pools usu- 
ally abound along the water courses and m irrigated districts These 
poorly drained areas have been afflicted with malaria at one time or 
another, and m the lowlands of Italy and Greece its ill effects have 
been persistent. Unfortunately, the victim of this disease is not im- 
mune after the fiist attack but may have the disease time after time 
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If he does not finally succumb to its ravages his health is undermined 
and he becomes a liability to the community Long periods of sick- 
ness not only break down the physical stamina of the victim but also 
undermine his moral courage. The results of malaria have been so 
serious in the past that some medical men have assigned to it a promi- 
nent part in the decline of Mediterranean civilizations Malaria is still 
the outstanding health pioblem of Italy With approximately 2,000,- 
000 cases a year, the disease is not only a vital factor in the life and 
health of Italy, but a matter of serious concern to the economic de- 
velopment as well The situation of the country well within the 
Anopheles belt, the prevalence of breeding places m the many marshes, 
canals, and sluggish streams choked by vegetation, and the presence of 
a singularly virulent and hardy type of mosquito make the control of 
malaria exceedingly difficult. The problem is aggravated by the facts 
that migratory laborers carry the disease from one region to another 
and that few of the homes are screened to keep out mosquitoes. All 
these conditions conspire to create a health problem of first magnitude 1 

The fight against malaria is a long and difficult one. Its control is 
more perplexing than that of yellow fever Yellow fever is spread 
by the Stegomyta mosquito, which breeds most commonly near homes 
and in clean water, making it an easy prey to traps set by man, the 
Anopheles mosquito may breed far from dwellings and in almost any 
kind of stagnant water, making its control difficult. Yet drainage 
rather than climate is the determining factor When stagnant water 
is disposed of, malana disappears 

NATIVE VEGETATION 

The climate, with rainfall coming in the winter followed by drought 
and heat in the summer, is unsuited to most kinds of vegetation In 
all the widely separated regions where the Mediterranean climate pre- 
vails, the vegetation bears essentially the same stamp and shows a mce 
adjustment to environment It is dominated by drought-resisting 
plants having all or most of the following characteristics (1) thick, 
narrow, leathery evergreen leaves, hairy below and shiny above, which 
are resistant to evaporation, (2) long roots which extend downward 
many feet in search of water; and (3) low, gnarled, thick-barked 
tiees or shrubs which resist the desiccating winds 

1 Ntnth Anmtal Report, International Health Board, Rockefeller Foundation, 
1924, p. 20 
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Some of the trees best suited to the production of food are being 
cultivated with much profit, but as a source of lumber the trees— 
low, gnarled, and knotty, as most of them are— have little worth 

Numerous foims of bulbous and tubeious plants such as tulips, nar- 
cissi, orchids, and gladioli, because of their ability to stole up mois- 
ture, are able to resist the droughts, but they are of little economic 
value unless properly watered 

Most of the native grasses are narrow, stiff-leaved varieties, which 
dry up during the summer and aie poorly suited to pasture 

MAN IN THE REGIONS OF MEDITERRANEAN CLIMATE 

The several regions of the world that have a Mediterranean climate 
present marked contrasts in their influence on the evolution of civi- 
lization One of these regions— the borderlands of the Mediterranean 
Sea— has played a dominant role in the development of Occidental civi- 
lization, whereas the others— southern California, central Chile, south- 
western Africa, and southern Australia— failed to develop more than 
the merest ludiments of culture prior to their colonization by Euro- 
peans These contiasts in cultural development were, in pait at least, 
lesults of differences m opportunity 

Borderlands of the Mediterranean Sea 

One cannot help being impressed with the comprehensive sweep of 
progress made in the Mediterranean Basin within a few centuries 
Economic, political, social, and leligious developments were lapid, 
and the brilliance of achievement in philosophy, literature, and art 
has never been surpassed Any attempt, however, to account for this 
development wholly on a geographical basis would be misleading, yet 
nature provided the materials and the opportunity for this progress 
and to a certain extent directed the couise and marked off the limita- 
tions 

Favorable Climate. The progress of the human race has been 
largely a response to necessity plus opportunity Climatically, the 
Mediterranean regions admirably meet both these requirements for 
the development of man, especially of primitive peoples The long, 
dry summer made it necessary that man provide for the future by 
storing a food supply for this less productive season This task is 
made rather simple in that the mild, ramy winter permits the produc- 
tion of crops best suited as food for man, and the abundance of sun- 
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shine, both summer and winter, makes it possible to harvest, dry, and 
preserve these food crops and store them for use throughout the year 
Clothing and shelter are also necessary for man’s comfort and welfare, 
but the problem of providing them is simplified by the semi-tropical 
temperatures 2 

Protection Protection is one of the absolute essentials for the de- 
velopment of a people, whether they are a nation or a tribe They 
may protect themselves by using some of their energies for defense 
In fact, from earliest times, practically all countries have kept armies 
and m later times many of them have kept navies for this purpose It 
is obviously an advantage, however, if protection can be secured with 
the minimum expenditure of human energy, that is, if it can be secured 
by geographical barriers. In the eaily stages of human development 
it was obviously true that, other conditions being equally favorable, 
the peoples that had the most complete natural protection advanced 
from barbarism to civilization most rapidly Among the best barriers 
against invasion are broad plateaus, too high and cold to support 
enough vegetation to feed armies and their beasts of burden, stretches 
of desert too dry for plants to grow, mountains across which it is 
difficult to transport armies and their supplies, and large bodies of 
water Before any of these barriers could be crossed by armies, a 
considerable advance in civilization must have been made Thus in 
early times the protection they gave must have been almost or quite 
complete, permitting the peoples so protected to direct their energies 
towards peaceful pursuits 8 

The many small valleys of Greece, Italy, Spam, and southern France, 
hemmed m by highlands, gave opportunities for ease of defense The 
narrow valleys and small coastal plains of northwest Africa gave 
opportunities for the more highly civilized peoples of Mediterranean 
Europe and Asia to secure and retain a foothold in that region (Fig 
137). Many of the mountains of Southern Europe were covered with 
dense forests which gave added protection against peoples who had 
attained the pastoral stage of civilization In writing on this subject, 
Ellen Churchill Semple says that the dense forests of the mountainous 
area along the northern rim of the Mediterranean Basin undoubtedly 

3 For the more extensive treatment of the relation of climate to the develop- 
ment of civilization see Ellsworth Huntington, Civilization and Climate, Chapter 
XII, Yale University Press, 1915. 

8 For a fuller discussion of the relation of barriers to die development of civili- 
zations see James Fairgneve, Geography and World Power, University of London 
Press, 1915 
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intensified the-bamer nature in ancient times and helped to discomage 
invasion by the pastoral nomads of the Eurasian grasslands. 

Since many of the islands and valleys of the Mediterranean border- 
lands were protected by some or all of the barriers previously men- 
tioned, man was free to give most of his attention to industry, science, 
and art Although these barriers were effective against armies they 
were not so formidable as to prevent the interchange of ideas among 
the various communities Thus environmental conditions afforded 
ease of defense and at the same time permitted the spread of ideas. 

Widespread Contacts. Isolation of a people breeds stagnation This 
is tiue not only of small communities such as are found m oases, moun- 
tain valleys, and on high plateaus, but of nations such as China and, 
formerly, India and Japan * Conversely, widespread contacts are con- 
ducive to progress Geographic conditions greatly favored the Medi- 
terranean Basin in this respect. The eastern Mediterranean was the 
focus of roads from Asia, Europe, and Africa It was the meeting 
place of the peoples of three continents and has been subject to re- 
peated migrations and invasions with the associated impact of different 
cultures Traders bi ought glimpses of Oriental life from the Far 
East, of the barbarian culture from the western and northern part of 
Europe, and of the desert and nomadic life to the south Each of these 
areas, no matter how remote, contributed something to Mediterranean 
culture Although the resultant losses and gams would be difficult to 
evaluate, each new contact contained something novel which awak- 
ened man’s interest and stimulated his activities 

Plant and Animal Resources. The possession of valuable plants and 
animals further facilitated man’s progress m these regions Again the 
borderlands of the Mediterranean Sea were favored The horse, ass, 
cow, sheep, goat, and camel— animals well suited to supply meat and 
dairy products for food and to act as beasts of burden— were all known 
to these peoples from early times. Wheat, barley, millet, grapes, figs, 

* “The effect of isolation [speaking of India] is ignorance, superstition, and 
the early crystallization of thought and customs Ignorance involves the lack of 
materials for comparison, hence a restriction of the higher reasoning processes, 
and an unscientific attitude of mind which gives imagination free play. In con- 
trast, the accessibility of Greece and its focal location in the ancient world made 
it an intellectual clearing-house for the eastern Mediterranean The general in- 
formation gathered there afforded materials for wide comparisons. It fed the 
brilliant reasoning of the Athenian philosopher and the trained imagination which 
produced the master minds of Greece in art and literature.” Ellen Churchill 
Semple* Influences of Geographic Environment, Henry Holt & Co, 1911, p 19 
Reprinted by permission of publisher 
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olives, and a variety of other excellent food crops were also native to 
this region or were imported m prehistoric times 5 

Thus it is seen that the seasonal nature of the climate made the 
accumulation of wealth necessary, and at the same time the possession 
of valuable plants and animals together with the ease of protection 
made the task relatively easy Wealth, in turn, permitted of leisure, 
which is the foundation for the development of the aits and sciences, 
provided that the people have sufficient eneigy and the proper stimuli 
to make the best use of this leisure Historic accounts indicate that the 
early Mediterranean peoples possessed this energy Although the 
climate is not the most invigorating, it is nevertheless healthful and 
conducive to active, outdooi life It is held by some that, during the 
time when the Mediterranean civilization led the world, the weather 
m these areas was more changeable than it is now and, accordingly, 
moie invigorating It is not surprising, then, that the borderland of 
the Mediterranean Sea, favored by climate, ease of defense and also 
of communication, and supplied with a preponderance of the most 
valuable animals and plants for the support of man, should have been 
among the first to foster a high degree of civilization 

Retarded Development of Civilization in Other Regions 
of Mediterranean Climates 

Although a high stage of civilization was developed on the border- 
land of the Mediterranean Sea in ancient times, other regions having 
this type of climate made little advancement prior to their coloniza- 
tion by Europeans This retarded development may m part be ac- 
counted for by the fact that crops which were well suited to man’s 
needs and to the local climatic conditions were unknown in these 
areas, and that the regions were destitute of ammals suited to supply 
man with meat or dairy products or to act as beasts of burden Such 
were the conditions that existed in southwestern California prior to the 
arrival of a European-made culture and to the importation of European 
plants and animals 

The present-day economic progress in those sections of California, 
Chile, South Africa, and Australia where the Mediterranean climates 
prevail depends more on their farms than on any other material re- 

« Wheat, barley, and millet are proved by remains found beside the lake dwell- 
ings of Switzerland to have been cultivated in the late stone age, and die cultiva- 
tion of cabbage, peas, vetch, parsley, and onions dates from ancient times 
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sources Yet the major sources of income on all these farms are the 
crops and animals that were originally imported from Europe 

In all these regions the relative importance of agriculture is accen- 
tuated because of the lack of any suitable combination, of primary 
nuneials needed to promote great industrial development Gold, 
sulphur, petroleum, building stone, and other minerals have m the 
aggregate contributed much wealth to these regions But the total 
value is insignificant compared to that of the pastoral and agricultural 
products, most of which were transplanted from Mediterranean Eu- 
rope to the other regions that have Mediterranean climates 

European Culture Dominates All Regions of Mediterranean Climates 

European culture either has been transplanted to all other regions 
that have Mediterranean climates or has been superimposed on the 
culture that already existed there In the California and Australia 
regions, the native cultures have been largelv or entirely displaced bv 
European, in central Chile and southwest Africa, European culture is 
dominant in the political, economic, and social structure, whereas m 
northwest Africa a veneer of European culture has been spread over 
the native culture 

Central Chile supports approximately 90 per cent of the people of 
that country Most of the people live in the Central Valley between 
Santiago and Valdivia. The people are primarily whites and mestizos 
who are more white than Indian. The Chilean mestizo is primarily 
European in customs, manners, and modes of living and has adopted 
European political, economic, and social institutions 

The major source of income in central Chile is the farm (hacienda) 
Most of the land is held in large estates and the majority of the people 
are landless The standard of living for many whites and most mestizos 
is exceedingly low. This is especially true of the landless who work 
on the farms Many of them were reported, m 1946, to earn as litde 
as thirty-five cents a day. 

South Africa has relatively few natives (Hottentots) left m the 
region of Mediterranean climate However the “color” problem of 
this area is complex The “Cape colored” represents a half-caste stock 
in which the Hottentot strain is preserved m association with European 
characteristics Their customs, manners, and education (in so far as 
they receive an education) and their mode of living are primarily 
European. Their economic status is exceedingly low but, perhaps, 
scarcely lower than that of the “poor whites ” 
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The culture of northwest Africa is closely related to (1) the an- 
cient Beiber civilization, (2) the many invasions of the region from 
Europe and western Asia and the recent invasion from the United 
States of America, and (3) the rugged topography and relative isola- 
tion of many areas which tends to preserve ancient customs, manners, 
languages or dialects, and modes of living 

The Mediterranean region of northwest Africa consists of a coastal 
strip of land that is 100 to 150 miles wide and 1,300 miles long This 
coastal belt is usually refeired to as the “Tell ” The region is rugged 
and consists of coastal plains (for the most part badly dissected), 
valleys, lulls up to 2,000 feet oi more, and high plains that extend 
slightly above 2,000 feet To the south of the Mediterranean region 
lie the Atlas Mountains and the steppelands (Fig 137 ) 

The culture of the region is as complex as the topography As 
one travels through northwest Africa today, he encounters a great 
variety of peoples who speak several languages Then complexions 
vary from blonde, except for sun-tan, to a dark, swarthy color of the 
skin The natives are mostly descendants of the Berbeis who have 
intermarried with other races— Phoenicians, Romans, Arabs, Spaniards, 
and French The Berber blood and racial characteristics are still 
dominant among the natives The customs and manners of the masses 
are more native than European Even the agriculture is essentially 
the same as that of southern Europe 

AGRICULTURE 

In several respects natuie has been somewhat niggardly with her 
gifts to the farmer of Mediterranean climates The rainfall is light 
and poorly distributed for general agriculture, and every Mediter- 
ranean climatic region contains large areas of rugged land poorly 
smted to tillage 

After centuries of experimentation, the farmer, in his attempt to 
make the most of his environment, has learned to utilize three types 
of crops (1) those suited to short, cool seasons of light rainfall, such 
as grass, wheat, and rye, (2) crops from trees and vines such as the 
olive, fig, chestnut, and grape, which send their roots deep for mois- 
ture and can survive the long droughts,® and (3) crops grown by the 
aid of irrigation. The disadvantage of steep gradient is overcome by 
terracing, contour plowing, and planting, and by the use of tree and 

6 These tree and vine crops may also be tmgated 
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vine crops which will produce almost as well on a hillside as on a 
plain 

In spite of the climatic and topographic disadvantages of regions 
having the Mediterranean climate, agriculture is the most important 
industry About 60 per cent of the laborers in Portugal, Spam, and 
Italy are engaged in agriculture, m Greece and Algeria 45 per cent and 
70 per cent, respectively, are farmers, and even in California, which 
is so well known for its oil, agriculture is the greatest of all industries 
The annual output of the California farms is normally more valuable 
than that of all the mines, oil wells, gas wells, and quarries combined. 7 
Yet m 1946, California ranked third among the states of the Union 
in the value of its mineral output 

The regions of the Mediterranean climates with their varied climatic, 
topographic, and soil conditions afford excellent opportunities for the 
adjustment of crops to the natural environment This may be illus- 
trated by showing the relationship of crop distribution to environment 
in California 

Many of the crops of Mediterranean California are widely grown 
throughout much of the state Yet, on the whole, there is a definite 
adjustment of crops to the various climatic, physiographic, and soil 
patterns of the region. For example, lima beans do well m moist places 
and are suited to heavy clay soils that hold water tenaciously Conse- 
quently, most of the lima bean crop of California is grown along the 
coastal lowlands and in the lower Santa Clara Valley— areas of heavy 
soils and bathed by fog almost nightly during the growing seasons 
Adost of the lemon crop is grown on frost-free hill slopes of southern 
California, south of Los Angeles. A large part of the orange crop is 
grown on lower hill slopes to take advantage of air drainage in a 
region where frost occurs frequently in the lowlands Even after 
care has been taken to select sites of good air drainage, millions of 
heaters burning low-grade oil are used to heat the air on cold nights 
Riverside, Redland, and Orange are important orange-growing centers 
(Fig 138) Much of the flat lowlands of Calif orma are given to 
pasture, alfalfa, wheat, and sugar beets because these crops are only 
slightly injured by frost. Rice is grown chiefly in the easily irrigated 
flood plain of the San Joaquin River Valley (Fig. 138). The region 
around Fresno with its bountiful supply of irrigation water and with 

7 Only part of California lies within the Mediterranean type of climate, but this 
portion of the state contains the major part of the most intensively cultivated land 



362 


REGIONS OF MEDITERRANEAN CLIMATE 



Fig 138 Mediterranean climate of California occurs in the coastal plain, inter- 
mountain valleys, the Great Valley, and on thousands of hills Places (A) San 
Joaquin River Valley, (B) Sacramento River Valley, (C) Santa Clara River 
Valley, (D) Salmas River Valley Cmes (I) Sacramento, (2) San Francisco, 
(3) Los Angeles, (4) San Diego, (J) Redlands, ( 6 ) Riverside, (7) Fresno 
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little ram and lots of sunshine is the world’s most famous raism-pro- 
ducing region (Fig. 138) 


Cereal 

Wheat. Wheat is well suited to the Mediterranean cl mate and is 
the most extensively cultivated crop of every Mediterranean climatic 
region except that of southern California, and even there it was a 
major crop during the last quarter of the nineteenth century. Thirty- 
seven per cent of all the cultivated land of Spam is given to wheat, 
and m Italy, Chile, and those areas of Australia and southern Africa 
where Mediterranean climates prevail it occupies from one-third to 
more than three-fourths of the cultivated land 

The double requirement of wheat for a cool, moist formative period 
and a dry, sunny ripening period are admirably met by the cool, moist 
winters and the dry, sunny summers Although wheat culture is 
widely distributed m the Mediterranean regions, the most impoitant 
districts are (1) central Chile, (2) southern Australia, (3) southern 
Africa, (4) northern Italy, and (5) the plains of Old Castile m Spam 

The relative importance of wheat m the various areas is largely 
dependent upon the stage of development of the area, the local needs 
for this cereal, and the facilities for marketing the more perishable sub- 
tropical fruits, vegetables, and nuts, which may be grown in competi- 
tion with wheat Central Chile, being densely populated with a rela- 
tively poor people and highly isolated from outside markets, is forced 
to be largely self-sustaining Wheat is well suited to meet the needs 
of such a region It is an ideal food crop, is well suited to the climate, 
and can stand the cost and delays necessary to exportation in the event 
of a surplus As a result wheat is given nearly seven times the acreage 
of the closest competing crop (Fig 139). Wheat is almost or quite 
as dominant a crop in the lately developed regions of southwestern 
Africa and southern Australia. In Australia about 60 per cent of the 
cultivated land is given to wheat and another 10 per cent to wheaten 
hay 

Wheat does just as well in southern and central California as m 
Chile Climatically the two regions are similar and each has relatively 
large areas of level or rolling topography The topography of the 
Valley of California is well suited to the use of large-scale machinery 
(Fig. 138) Although California produces little wheat at present, 
this cereal was at one time the most important crop of the state In 
1899 it occupied 22,4 per cent of all improved land m California- 
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more than twice the acreage of any other crop Its importance de- 
creased as transportation facilities were improved and as the nation 
became richer and more populous, demanding expensive subtropical 
fiuits, vegetables, and nuts As a result the farmers aie turning their 
attention from the lower-valued crops such as wheat, rye, and barley, 
to lettuce, cauliflower, giapes, oranges, nuts, and other agricultural 
products which pay a higher return per acre. 





ACRES 

IN HUNDRED 

THOUSANDS 






0 OUMQOtrr 

0 2 

4 

6 a 

10 12 

U 16 

IB 

20 

- 


mm 



BEANS 

VINEYARDS 

FRUITS 

OATS 

POTATOES 

BARLEY 

CORN 


MAJOR CROPS OR 
CHILE 




Fig 139 Chile has little opportunity to market on a large scale such perishable 
products as lettuce, celery, oranges, and peaches— products for which California 
is famed— and consequendy gives most of her agricultural land to the production 
of crops needed for home consumption (Data for 1940-1946 ) 


Barley Barley is also well adapted to the Mediterranean climates. 
Because of the short growing season required to mature this hardy 
cereal, it is a more certain and better yielding crop than wheat m dis- 
tricts of scanty rainfall The bailey of northern Africa, Asia Mrnoi, 
and southern California is much m demand in northern Europe for 
the brewing industry The dry weather during the ripening period 
gives the gram a rich color highly desired for malting purposes. 

Other Cereals. The successful cultivation of oats and rye requires 
moist, cool climates, and consequently these crops are little grown m 
the Mediterranean regions Corn and rice need much moisture dur- 
ing the warm growing season and are, therefoie, poorly suited to 
regions of almost rainless summer In regions with a modified type 
of Mediterranean climate, such as the upper Po Valley, where con- 
siderable summer rain falls, rice and corn are important crops, and in 
central California rice is grown by the aid of irrigation and large- 
scale machinery. 
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Pulse, Pasture, and Hay 

Peas and beans are valuable crops in most regions of Mediterranean 
climates Rich in protein as well as other food elements, they are sub- 
stitutes for meat, milk, and cheese in many of the poorer districts 
Beans grow best m a cool, moist climate, being injured by insects and 
diseases when the season is \i arm and moist During the winter and 
spring, climatic conditions within these regions seem to be ideal for 
this crop California normally grows between 300,000 and 400,000 
acies of beans— approximately 40 per cent of the annual dry bean 
crop of the United States— and southern Europe is the greatest dry 
bean-producing region of the world 8 

The Mediterranean climate is naturally poor for the growth of 
grass because of the heat and the summer drought The plains afford 
fair to excellent pasture during the moist, mild winter, but during 
the almost rainless summer the umrrigated pastures become parched 
and brown The mountains, on the other hand, are snow covered in 
the winter but afford fresh, luscious pasture during the summer 
Consequently livestock, easily transported from one place to another, 
may be pastured on the mountains during the summer and on the 
plains during the winter Thus a close bond has been established be- 
tween highlands and lowlands in many regions of Mediterranean cli- 
mates, as reflected m the seasonal migrations of herders and their live- 
stock between the highlands of Sierra Morena and the neighbormg 
lowlands, between the Apennines and Roman Gampagna, between the 
Dinaric Alps and the Dalmatian Coast, and between the Pindus Moun- 
tains and the plains of Thessaly. In Europe, tins practice— called trans- 
humance— plays an important part in the pastoral industry Each 
spring thousands of young men take the family herds to the moun- 
tains In some parts of Italy their departure is such an important event 
that entire villages turn out to deck the young men with floral wreaths 
or to take some other part in the festal ceremonies 

Since the mountain pastures are not sufficient to supply more than a 
small part of the needs of the Mediterranean regions, it is necessary 
that hay be grown m the lowlands to tide the livestock over the dry 
period, or that part of the irrigated land be given over to summer pas- 
ture. Some hay is grown without the aid of irrigation and is har- 

8 Farts of Manchuria are even more completely given to the bean as a commer- 
cial crop— soyhean 
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vested at the beginning of the dry season Most of it, however, is 
produced on fields that are artificially wateied 
Hay is a low-value crop lequirmg little laboi and yielding only a 
modeiate return per acre In countries in which a dense population 
presses upon the means of subsistence, it can scarcely compete with 
higher-value crops— those which require intensive cultivation and give 
a large return per acre Consequently, m the thickly peopled coun- 
tries of southern Europe hay is less important than in California and 
southern Australia, where the population pressure is not so great and 
where labor costs are high In California, hay occupies a larger acre- 
age than any other crop and occasionally ranks first m value Most 
of it consists of alfalfa grown on irrigated land. 

The hay crop of Mediterranean Australia, although always large, 
fluctuates markedly from year to year Since the hay is mostly 
wheaten or oaten, the farmer can decide shortly before harvest whether 
he wishes to cut the crop for feed or for the gram If the year has 
been dry so that the pasture is short and the gram yield poor, a large 
acreage will be cut for hay, if the grain yield is good and the price 
fair, the farmer lets the gram ripen and cuts but little hay. 

Market Gardens 

The Mediterranean climates are well suited to market garden crops, 
especially during the winter season when the prices of such crops are 
high California, located in a nch country, now ranks first among 
all areas of the world m the production of truck crops The state 
normally produces one-fifth to one-fourth of the truck crops of this 
entire nation with mote than 140,000,000 actual or potential customers 
(Figs 140 and 141) Cincinnati alone normally consumes more than 
1,000 carloads of gaiden and orchard products from California The 
major part of the California truck crop is pioduced in that part of 
the state where the Mediterranean climate prevails. 

Tree Crops 

The Olive The olive is the most characteristic economic crop of 
the Mediterranean climatic regions, its production being almost un- 
known in other parts of the world. The tree yields best m the warmer 
portions of these subtropical regions where the winters are nnld and 
the summers are hot and dry 
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The olive tree is w ell suited to regions of light rainfalls and rugged 
topography, it is drought resisting, sends its roots deep for moisture, 
and can grow on exceedingly steep slopes As a result many Euro- 
pean orchards are planted on land too dry for general agriculture and 
too stony or rugged for irrigation. This distribution is not from 
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Fig 140 About one-half of California’s agricultural land is given to intensive or 
seiiu-intensive agriculture Most of the agricultural income of the state is de- 
rived from intensive agriculture Which of die above listed crops are grown by 
mtensive agricultural methods 5 


choice but from necessity, since the tree yields best on irrigated land 
In fact, in California or other regions where labor costs are high, olive 
culture is scarcely profitable unless the orchards are watered 
The olive tree has been successfully introduced Into all the regions 
of Mediterranean climates, into the high plateaus of Mexico, and into 
the area of Mendoza, a ftuddle-latitude desert, of Argentina The 
industry has not developed very rapidly in its new homes, and it still 
remains many times more important m the borderlands of the Medi- 
terranean Sea than in all other parts of the world combined (Fig. 
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142) In Spain the per capita production of olive oil exceeds that of 
butter in the United States, and in several of the Mediterranean coun- 
tries a larger percentage of the land is given to olive orchards than is 
sown to wheat in the United States. 

The commercial production of olives lequnes an abundance of labor 
The tree needs almost constant care by trained workers, the tillage, 



Fig 141 Southern California has become an important gardening center for the 
most prosperous nation on earth Carload lots of iceberg lettuce are shipped from 
southern California to hundreds of cities located m all parts of the country 
(Courtesy Southern Pacific Railway Co ) 

grafting, and pruning should be done just when needed, and the 
harvest period is short and requires hand labor Finally, the olive 
tree comes to full bearing only after many years of care, and it cannot 
be developed without the help of a stable labor supply. 

Spain has an abundance of rugged land that Is ill suited to most 
crops but yields profitable returns when given to olives Consequently, 
Spain produces more olives than any other country in the world. 
More than 3 5 per cent of the entire area of the nation is planted with 
olive trees, and olives and olive oil are the second most valuable ex- 
port of the country Most of the olive orchards are planted on 
lugged, unirrigated land that is situated m the southern and eastern 
half of the country, with almost two-thirds of the total output coming 
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fiom the Ebro and Guadalquivir basins (Fig 137) Forests of olive 
trees cover extensive areas on the southern slopes and foothills of the 
Sierra Morena and Sierra Nevada mountains, where they yield a large 
return on land that is too rugged for ordinary cultivation Few olives 
are grown on coastal lowlands or on the alluvial soils of river valleys 
Most of these areas are irrigated and given to crops that require more 
water than is given to the olive tree 
Italy, another rugged country, ranks second only to Spain in the 
production of olives and second also m the acreage given to this crop 
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Fig 142 The borderland of the Mediterranean Sea sail produces practically all 
the olive-oil supply of the world Data of the chart are for 1946 In 1938, prior 
to World War II, the producaon m pounds for each of these countries was as 
follows Spain, 800,000,000, Italy, 420,000,000, Tunisia, 150,000,000, Greece, 
220,000,000, and Portugal, 148,000,000, 


Italy must produce food for a large population. Consequently the 
land is given to wheat, maize, beans, olives, potatoes, rice, barley, rye, 
and sugar beets— crops that yield large returns in calories per acre 
(Fig, 143), Hay and pasture, crops not shown m the graph, are im- 
portant as feed for cattle, goats, and sheep 

Olives are grown largely on rugged, dry land, ill suited to most other 
crops More than 2 per cent of the entire country is given to this 
hardy tree The extent of cultivation is further emphasized by the 
fact that m Italy a larger percentage of the total land area is given 
to olive orchards than is given to both com and wheat m the United 
States. The com and wheat crops of America, however, occupy much 
of the most productive land of the country, while m Italy much of 
the land given to olives is rugged, stony, relatively infertile, and poorly 
watered Consequently, the acreage yield of olives in Italy is low, 
frequently less than half that of Spain 
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In the southern part of the Italian Peninsula the tree flourishes with- 
out shelter, and in the lugged but relatively low areas about Ban, 
Lecce, and Taranto there aie miles of continuous woods of nothing 
but olive trees, some of them occupying land that is so stony and un- 
promising that it would be left uncultivated in most parts of the 
United States The tree flourishes also in northern Italy, where it is 
sheltei ed by the Alps, but it cannot stand the severe climate of the 
open plains of the Po Valley (Fig 137) 
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Fig 143 If Europe were all one country, the crops of the continent could be 
better adjusted to the natural environment Because of the dangers of wars or 
of political conditions that may interfere with freedom of exchange of goods, 
each country desires to be as nearly self-supporting m food products as possible 

In Gieece, man is more dependent upon the olive tree than upon 
any other plant Bread and olive oil are as universally used m the 
Grecian diet as bread and butter in the American The annual pro- 
duction of this little country is from 60 to 80 pounds of preserved 
olives and about 3 gallons of oil per capita Much of Greece is so 
dry that even the olive tree grows very slowly and the yield of fruit 
is small Under such conditions the population depending upon the 
olive orchards cannot be very dense 

Most of the world’s olive crop is used for the manufacture of oils, 
which may properly be given first place among the vegetable oils 
In addition to being the prime substitute for butter in several Medi- 
terranean countries, it is of increasing importance to the industrial 
world, and 300 to 500 million pounds of olive oil enter international 
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trade annually The olive oil of inferior quality is used in the manu- 
facture of soaps and chemicals, that of better quality is used in the 
manufacture of salad dressing and other foods The United States 
and Argentina are the largest importing countries, taking more than 
one-half the exports of the entire Mediterranean borderland The 
Umted States with its large soap industry, its large Latin population, 



Fig 144 An olive-curing plant near Los Angeles, California (Courtesy Los 
Angeles Chamber of Commerce) 


and millions of well-to-do people who can afford to purchase the most 
palatable foods, imported from 65 to 153 million pounds annually be- 
tween 1929 and 1945. Argentina, supporting many wealthy Latm 
peoples accustomed to the use of olive products, imported 24 to 112 
million pounds annually during the same period 0 

Where labor costs are high, only the larger varieties of olives can be 
grown with profit In California, where the cost of picking is $40 to 
$60 a ton, it is cheaper to import olive oil from countries where labor 
is plentiful than to produce it locally This limits the cultivation of 

» The Latm peoples of America are large consumers of obve oil, and the Italian 
colonies of New York City constitute one of the best markets for this “Italian 
butter ” 
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olives laigely to those varieties which grow fruit large enough for 
curing (Fig 144). 

Citrus Fruits. The orange is of far more value to the commercial 
world than all other citrus fruits combined Orange growing is 
widely distributed throughout the boiderlands of the tropics, the 
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Fig 145 Practically all the world’s oranges are grown in. regions of Mediter- 
ranean or humid subtropical climates World production of oranges was so dis- 
rupted by World War II that postwar data by countries is somewhat meaning- 
less However, since 1938 orange production within the United States has in- 
creased rapidly The average production for four years, 1943-1946, inclusive, 
exceeded 118,000,000 boxes— almost double the 1934-1938 average 

fruit being abundant in many of the local markets of Paraguay, cen- 
tral Chile, the West Indies, and along the coastal regions of the Carib- 
bean Sea, but the bulk of the world’s commercial crop is grown in 
southern California and southern Europe and in the humid subtropical 
regions of the United States and of Brazil (Fig. 145) The Sunkist 
orange of California is advertised in every American market and in 
many other parts of the world, and the oranges of southern Europe, 
primarily of southern Spain and of Palestine, are as widely known 
These three regions dominate the world’s commercial orange market 
m spite of their distinct handicaps in producing this golden fruit 
(Fig. 146). 
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Orange culture in California and southern Euiope requires irrigated 
land valued at hundreds or even thousands of dollars an acre, but in 
Florida, the West Indies, and other humid tropical and subtropical 
regions there still remains an abundance of cheap, fertile, and well- 
watered land, The abundance of moisture, however, is not an un- 
mitigated blessing, for the warm, humid atmosphere is conducive to 
the growth of fungus diseases which at times greatly injure the trees 
or fruit. Thus, m spite of the plentiful supply of cheap and fertile 


ORANGE EXPORT OF LEADING COUNTRIES 1934-39 

BOXES IN MILLIONS 

COUNTRY O 


L 


IO 13 |a 

fr 1 

5 1 

5 20 22 24. 2S 20 

SPAIN 

PALESTINE 

UNITED STATES 

BRAZIL 

ITALY 

UNION OF 5 AFRICA 

JAPAN 
















1 

1 

1 













Fig 14<5 Palestine data are for 1939 only Spain, located close to the greatest 
foreign markets of Europe, is normally the leading exporter of oranges Palestine’s 
production and export of oranges were increasing rapidly before World War II 


land and the abundance of moisture, only two subtropical areas, Florida 
and southern Brazil, are competing in a large way for the commercial 
trade m oranges, and even in these areas the development of the in- 
dustry has been a hazardous undertaking because of frost and diseases 
The orange industry of California has had no such serious setback 
as that caused by the “Florida freezes,” when the low temperatures 
not only have destroyed the fruit over a large area but also occasion- 
ally killed many thousand trees. The industry of California, on the 
contrary, has had a steady growth, experiencing only moderate losses 
of fruit except during the year 1922 when approximately one-half of 
the orange crop was destroyed by freezing temperatures The nature 
and extent of this loss have been admirably described by Floyd D 
Young 

The delivery value of the citrus fruit crop of California during 1921 was 
fully 1100,000,000 A larger crop than this, and of better quality, was on the 
trees January 19, 1922, the date when the “freeze” began Three days later, 
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fully 50 per cent of the crop had been damaged so severely by low tempera- 
tures that it was a total loss, and a considerable portion of die remainder had 
been frozen to a degree that prevented its being included in the fancy grades 
The law of supply and demand, through increased prices obtained for the 
fruit saved, operated to decrease the amount of the monetary loss to the indus- 
try as a whole, the delivered value of the 1922 crop was $95,993,485 58 How- 
ever, the return for the crop was so unevenly distributed among the growers, 
that the results were serious Literally hundreds of orchards [owners] re- 
ceived not one cent m returns, while others, who were located in districts 
where the damage was not so severe, or who saved their fruit through the 
use of orchard heaters, profited enormously 
But the frozen fruit was paid for by the consumer in higher prices, by the 
railroads in reduced railroad receipts, and by the people who make their living 
in the harvesting and picking of die ciop Some picking houses did not open 
their doors during the season 

Think of it, a loss to the country at large of more than fifty million dollars' 
Small wonder that the fruit growers are giving more serious consideration to 
the frost menace than ever before 10 

Fortunately the orange belt is well supplied with weather stations, 
and the Weather Bureau has given valuable aid m forecasting freezing 
temperatures The cold spells are always of short duration, and usu- 
ally the streams of cold air are very shallow— often only a few meters 
in depth The problem is one of keeping this shallow layer of air 
warmed for a few hours Large open fires are of little use, for most 
of the heat goes into higher levels where it is of no value It has been 
found, however, that by scattering many coal or oil heaters about in 
an orchard the temperature of the air may be materially increased and 
the danger fiom frost gieatly reduced. 

As a rule the freezes of the orange belt of California are not so severe 
but that they can be controlled by artificial methods of heating Even 
when not thus regulated they seldom are severe enough to kill the 
trees, and thus the damage is not of such a permanent character as that 
caused by the Florida freeze 

The crop of southern Spain is even more reliable than that of Cali- 
fornia The commercial predominance of the industry of Spain is not 
wholly due to superior physical conditions for orange growing but, 
in part, to scientific methods of culture, favorable location for market- 
ing the perishable fruit, well-developed marketing systems, and the 
cooperation of those engaged in the industry. 

Ninety pei cent of the Spanish orange crop is grown on the narrow 
coastal belt of eastern Spam (Fig 137). This area may be divided into 

10 Quoted by permission of Floyd D Young in the Bulletin of the American 
Meteorological Society , Vol 4, No 2, pp. 17-18 
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the Valencia district and the Murcia district The coastal plain on 
which Valencia is situated contains only about 2,000 square miles of 
land (20 miles wide by 100 miles long), but it produces approximately 
80 per cent of the nation’s oianges. This low, narrow, coastal belt is 
fertile and easily irrigated, and the winter cold is tempered by breezes 
from the w'arm Mediterranean Sea Moreover, it is well situated for 
the export of oranges by water to northwest Europe The orange 
crop is to this coastal district what com is to the American corn belt 
When the orange crop is poor oi prices low, times are hard for the 
farmer, when the orange crop is good and prices are high, prosperity 
results 

The hill-land of the Murcia district ranks second to the Valencia 
Plain in oiange production, but the output is usually less than 10 per 
cent of the total national crop Seville and Malaga are the only other 
Spanish provinces that produce any appreciable quantity of oranges, 
and most of them are of a sour variety Eighty per cent of the oranges 
grown in Seville are sour, and the greater portion are shipped to Eng- 
land for use m the manufacture of marmalade 

The orange production of coastal Palestine was rapidly increasing 
before World War II, and many thousand young trees were being 
planted each year In 1927-1928 the orange exports of Palestine 
scarcely exceeded 2,000,000 boxes, a decade later the exports approxi- 
mated 10,000,000 boxes Before World War II, Palestine ranked 
second among the countries of the world m the export of this whole- 
some fruit, and the acreage given to orange orchards was increasing 
rapidly 

Oranges grown in the southern hemisphere come into the market 
during the summer of the northern hemisphere and consequently sell 
in Europe at the high prices of an off-season product Brazil and the 
Union of South Africa constitute the most important source of sum- 
mer oranges for Europe, but imports from Australia and South 
Rhodesia are also of increasing importance The acreage suited to 
orange production m South Africa and humid subtropical South Amer- 
ica is large; these regions without doubt will become of increasing 
importance in the orange markets of the world. 

The lemon, less hardy than the orange, is at its best in the more 
temperate portions of the Mediterranean climatic regions (Fig. 147) 
The commercial production is confined almost entirely to southern 
Italy, Sicily, and the coastal counties of California south of latitude 
35° N Southern Italy and Sicily, primarily Sicily, tempered by air 
drainage from the slopes of many hills and low mountains (Fig 137), 
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Fig 147 Picking lemons on the largest lemon ranch of the world, located near 
Santa Paula, California, (Courtesy Chamber of Commerce, Los Angeles, Cali- 
fornia ) 



Fig 148 Sunshine is one of the most widely advertised benefits of southern 
regions, Drying apricots in the sunshine, San Fernando Valley, California. (Cour- 
tesy Chamber of Commerce, Los Angeles, California.) 
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and warmed by the waters of the Mediterranean Sea, constitute the 
foremost lemon-producing district of the world, and the light green 
of the lemon tree is one of the most prominent aspects of the agri- 
cultuial landscape. California supplies most of the American demand 
for lemons and is a close second to southern Italy and Sicily m pro- 
duction 

Temperate-Zone Fruits. The Mediterranean regions are well suited 
to the production of temperate-zone fruits, and California ranks first 
among the states of the Union in the production of peaches, plums, 
and apricots (Fig 148). 

Nut Crops The major portion of the commercial nut crops of 
the world comes from regions of the rainy low-latitude and Medi- 
terranean climates. The value of tropical nuts is well known in the 
industrial world, but the great importance of nut crops m dry sub- 
tropical regions is scarcely appreciated The value of the nuts ex- 
ported from all regions having Mediterranean climates compares favor- 
ably with that of the widely famed ohve-oil export. Walnuts and 
almonds, the most valuable commercial nut crops, thrive m soils too 
dry for fruits In regions where the subsoil retains moisture, these 
nut trees can stand the summer droughts even though the soil be- 
comes exceedingly dry On portions of the hot, shimmering plains 
of southeastern Italy the almond tree yields abundant crops year after 
year without irrigation, and the normal value of the exports of almonds 
from Italy exceeds that of wine, olive oil, oranges, or lemons. Even 
m Spain, the greatest olive-oil-exporting country in the world, the 
value of the ohve-oil export is less than three times that of almonds 

Other Tree Crops. The chestnut grows widely throughout the 
highlands of the Mediterranean Basin In southern Europe the beech 
and numerous varieties of deciduous oaks have long been valuable 
plants for food and are particularly indispensable to rural hog raising 
Fig trees produce best in the hotter portions of the regions where the 
Mediterranean climates prevail or within the borders of the deserts 
The cork oak is of exceptional interest as a plant of economic value 
It will grow on steep, rocky, barren slopes Although the tree is 
best known for its cork, it also yields nuts and wood More than one- 
half of the swine of Portugal are fed on the nuts of the cork oak, and 
the wood of the tree is very useful since it grows in a land where 
timber is scarce. 

Vine Culture 

The physical conditions necessary for vine culture are a well- 
marked warm season, no excess of rain, and land that is dry or well 
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chained Successful grape culture requires not only suitable climate 
and drainage, but also an abundance of labor The land must be 
carefully tilled, irrigation is often demanded, the vines need to be 
pruned and tiellises must be set, and spraying is necessary several times 
each year Finally, successful haivestmg and caring foi the crop re- 
quire many laboreis during the gathering season 

Raisins. Raisin, cuirant, table, and wine grapes may all be grown 
in close proximity, but this practice is not common, as each vanety 
has its own peculiar climatic needs The production of laisins is 
confined almost wholly to regions having the Mediterranean type of 
climate, the best climatic conditions being an abundance of sunlight, 
low humidity, and high tempeiatures during the ripening and drying 
periods Soil moistuie is needed, but this should be supplied by 
irrigation Many legions have the requisite climate for maturing the 
grapes and curing the raisins, but commercial pioduction is confined 
principally to (1) the San Joaquin Valley of California, (2) southern 
Spam, (3) Greece, and (4) Asia Minor (primarily Smyrna). This 
localization is paitially caused by ease of irrigation, as well as suitable 
climate. 

The gieatest raism-producing region m the woild is situated within 
the San Joaquin Valley near Fresno, California (Figs 138 and 149) 
During the present century the California raism crop has increased 
very rapidly, being 378,000,000 pounds for the five-yeai penod 1942- 
1946— more than two-thirds of the world’s supply This phenomenal 
growth has been favored by exceptionally good physical environ- 
mental conditions The warm, dry summei gives the grapes a full 
sugar content, and the hot, sunny, and almost lainless fall provides 
ideal conditions for curing the raisins (Fig 149) The land is rela- 
tively easy to irrigate, and theie is an abundance of water just when 
needed The rapid growth of the raisin industry of California cannot 
be wholly accounted for by the excellent physical environment, the 
human element has also played an important role The California 
growers have spent vast sums of money in adveitismg and marketing 
their product, and Fresno raisins are known around the world 

Wine Grapes. Italy ranks first among the countries of the world 
m the percentage of land given to grapes. Her widespread, rugged, 
limestone areas, cheap labor supply, and light rainfall with an abun- 
dance of sunshine have been so stimulating to vine culture that the 
acreage given to grapes is surpassed onfy by that for wheat and maize, 
and more than one-nmth of the cultivated land is given to vineyards. 
The significance of this figure is indicated by the fact that in the 
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United States the two leading crops— corn and w heat— occupy only a 
slightly larger percentage of the cultivated land Most of the Italian 
grape crop is used for making wine, the normal annual production 
of which exceeds a billion gallons— more than 20 gallons per capita, 
French wine is even more widely known than Italian Usually the 
grape crop is the most valuable agricultural product of France More 
than 1,5 00,000 people are engaged in raising grapes or in making and 



Fig 149 The sun is the power plant which supplies directly the heat necessary 
for curing raisins in Fresno County, California (Courtesy Sun-Maid Raisin 

Growers Association) 


marketing wine Wine production is the most characteristic industry 
of the nation, and the French consumption of this beverage is approx- 
imately 200 gallons per family annually Although grape culture is 
widely distributed m France, the principal areas of production are the 
Languedoc and Garonne Valley areas Normally one-third of the 
national supply of wine is produced in Languedoc (Fig, 150). 

The vineyards of France yield about three times as many grapes 
per acre as those of Italy, This contrast in production is probably 
accounted for by the fact that the vineyards of France are situated 
on richer soil, are more heavily fertilized, and are more scientifically 
tended than those of Italy. 

The French wine production averages about 1,600,000,000 gallons 
annually during normal times, but the output varies greatly. In good 
years the production approximates 2,000,000,000 gallons, whereas dur- 
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ing bad years it diops to but slightly more than 1,000,000,000 gallons 
The demand for Fiench wine, either for local use or foi export, is so 
laige that millions of gallons of Italian and Spanish wines are imported 
annually to supplement local pioduction The French also impoit 
millions of pounds of cuirants fiom Gieece foi the manufacture of 
high-giade wine suitable foi expoit Spam and Portugal are impor- 
tant grape-gi owing countries, in Spain the per capita production of 
wine is even greater than that of Italy Sherry, of Spain, and port, 



Fig 150 Grape production in France Each dot represents 10,000 tons (Cour- 
tesy U S Department of Agriculture ) 

of Portugal, must be given prominent places among the best brands 
of wine on the market Their fame is almost woild wide 
Other countries that have Mediterranean climates aie not so widely 
known for their wines Nevertheless, Australia, cential Chile, and 
southern California are important producers of wine giapes In Chile, 
occupied by wine-using Latin Americans, the acreage given to the 
wine grape exceeds that of any other crop except wheat and beans, 
and the production of wine is about 15 gallons per capita, m contrast, 
m Victona, Australia, occupied by thrifty English settlers, the wine 
production is less than 2 gallons per capita (Fig 151) 

Southern California continues to be an important grower of grapes 
suitable for the production of dry wines, sweet wine, or grape juice 
Grapes for dry wine are grown most profitably m the coast countries 
from Mendocino to San Diego, where the cool, moist atmosphere 
favors acidity of the fruit. Sweet-wine grapes are grown in the 
great mteiior valleys fiom Shasta to Kern, and also in parts of San 
Gabnel Valley, where the abundant sunshine gives the fruit a high 
sugai content and where the soil is fertile, yielding large crops 



AGRICULTURE 


381 


Table Grapes. Table grapes aie widely growrn throughout the 
regions having Mediterranean climates, but their commercial produc- 
tion is limited principally to two areas, the valley of California and 
southeastern Spam Most of the California product— 3,000,000 to 
4,000,000 tons— is consumed in the United States, but Spain produces 
large quantities for export Most of the table giapes of Spam aie 
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Fig 151 Wine production decreased materially in. the war-tom countries of 
Europe during and after World War II, while production expanded rapidly in 
Portugal and m the New World 


grown on the irrigated coastal plain near Almena, but they are com- 
monly sold as Malaga grapes because Malaga exporters developed the 
trade These grapes are normally exported in barrels containing 44 
to 4 6 pounds of grapes, packed m 4 to 6 pounds of coilt dust obtained 
from the cork forests of Spain or Portugal 
Currants. About nine-tenths of the world supply of currants come 
from Greece, where they have been produced from a small seedless 
grape for hundreds of years From 200,000,000 to 300,000,000 pounds 
are exported each year, together with olive oil, representing the prin- 
cipal agricultural exports of this small nation Currant grapes have 
been successfully introduced into other regions of Mediterranean cli- 
mate, but only Australia, with an export of 27,000,000 pounds, has 
developed the industry on a commercial scale. 
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ANIMAL HUSBANDRY 

The animals of the Mediterianean climatic regions, like the ciops, 
tend to be drought resisting In place of the horse we find the ass 
and the mule, both noted for their ability to withstand great heat and 
to survive coarse and scanty fare Southern Italy and paiticularly 
Sicily, where it is both dry and rough, have several times as many 
mules as horses, but m the plains of the Po Valley the hmses outnum- 
ber the mules Spain has three times as many asses and mules as horses 
Moreover, the horses are most numerous in Galicia where the rainfall 
is heaviest, mules and asses are most numerous on the dry Mediter- 
ianean coast In southern California and in Australia, where the ani- 
mals are supported laigely by irrigated crops, the horse is still the 
principal beast of burden This fact may be related also to the greater 
wealth of these regions The horse is more comely than the ass and 
has a firmei grasp on the human affections 

The sheep and goats are also well suited to the Mediterranean cli- 
mates, being able to live on a scanty fare of scrubby vegetation In 
some parts of Spain, Italy, and especially Greece they are more com- 
mon milk animals than the cow In Greece the goat is the principal 
source not only of milk, but also of meat, skins, hides, and hair In 
Australia, South Africa, and California the cow is almost exclusively 
the dairy animal, and even m Chile with its Latin population the goat 
is seldom kept for milk This preference for the cow, especially in 
the drier and umrrigated districts, is largely a matter of prejudice and 
custom rather than of economic adjustment 11 However, in the alfalfa- 
growing districts the dauy cow is a more profitable animal than the 
goat 
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The marine lealm which is confined to islands and the western 
(windwaid) margins of continents in higher middle latitudes consti- 
tutes a very small fraction of the earth’s surface (Fig 152) Not only 



Fig 152 The region of marine climate in Europe has played a dominant role in 
world affairs during the last few centuries. 


is the realm relatively small, but all except the southern part of the 
European region suffers fiom major physical handicaps Rugged 
mountains, large patches of unproductive rocky wasteland, forested 
slopes difficult of access, wet and foggy climate, and relatively small 
areas of land suited for cultivation constitute some of the most difficult 
problems with which the people of this realm must contend. The 
southern part of the manne region of Europe repiesents the most 
notable exception to the unfavorable conditions listed above 
In spite of these handicaps man has made great progress in marine 
regions. Many notable achievements have been accomplished m those 
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areas where the rugged forces of nature seem most forbidding While 
nature has made the path of progress in many marme areas difficult, 
it has also supplied the antidote to human stagnation, for, although the 
moist climate is not the most pleasant in the world, it is, as we shall 
see later, invigorating In all marine regions of the world, man is 
mentally alert and physically active— human traits that make for the 
development of masterful peoples who can overcome major obstacles 
A brief study of a few of the accomplishments of peoples who 
live m marme regions affords conclusive arguments that the people 
have been and are capable. One of the outstanding facts of world 
history during the last 400 years has been the spread of western Euro- 
pean culture and leadership to all parts of the world. In this develop- 
ment marine legions have had a preponderant share The British 
have brought two-fifths of the earth’s surface under their control and 
have been leaders in industry, commerce, and the control of the sea 
Some of the territory formerly under British control has already been 
given complete independence, and other areas have been promised 
independence However, the influences of centuries of British control 
will be felt for an indefinite period The British are not only losing 
much of their empire, they are also losing their dominant position in 
industry and trade and in the control of the sea. Yet Great Britain 
still remains one of the world’s great powers 
Other countries of marine Europe have also helped to spread west- 
ern European culture to remote parts of the world and have con- 
tributed leaders in many fields Netherlands and France have each 
brought under their control vast and widespread empire, and it is a 
well-known fact to students of history that the Norwegians have been 
capable people from the time of the early Norsemen to the present. 
The accomplishments of the Danes are scarcely less notable 
The major cultures of all other regions of marme climate have been 
imported from Europe duimg the last few centuries, primarily since 
1700. Yet all these regions are malting rapid progress in agriculture, 
industry, commerce, literature, science, and art. 

The regions that possess the marine type of climate are (1) western 
North America from San Francisco to latitude 60° N, (2) western 
Chile south of Valdivia; (3) western Europe from latitude 45° N to 
65 ° N, (4) Tasmania, New Zealand, and the southern tip of Australia 
These regions have moderate to heavy rainfall throughout the year, 
much cloudy weather and fog, and milder temperatures than those of 
any other regions except the rainy tropics 
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CLIMATE 

Temperatures The regions are situated on the leeward side of the 
oceans and leceive the tempering influence of these bodies of water, 
hence the name “marine type ” The summers are cool and the winters 
mild Throughout much of northwest Europe homes are heated by 
open flies, and in all maiine regions woolen clothing may be worn 
with comfort the year round The moderating influence of the ocean 
is indicated by the small average annual lange m temperature, m Fort 
William, Scotland, it is only 18 4° F as compared with 65 ° F m 
Tomsk, Sibena, situated on the same paiallel On some of the coastal 
islands the range is still smaller, being less than 15° F at both Thors- 
haven, Faeroe Islands, and Valencia, British Isles Even in high lati- 
tudes, as at Sitka, Alaska, latitude 57°, and Bergen, Norway, latitude 
60°, the average annual range is less than 25° F compared with 118 6° 
F at Verkhoyansk, and 112.1° F at Yakutsk, Siberia 

The contrast m temperatures between east and west coast cities may 
be seen by comparing Sitka, Alaska, with Nam, Labrador, and Biarritz, 
France, with Vladivostok as shown m the accompanying table 

Comparative Tfmperatures of the East and West Coasts or Continents 


Mean temperature 


Station 

Latitude 

January 

July 

Sitka, Alaska 

57° 3' 

30 2° F 

54 1° F 

Nam, Labrador 

56° 33' 

7 2° F 

48 5°F 

Biarritz, France 

42° 28' 

45 8°F 

61 2° F 

Vladivostok, Siberia 

43° 5' 

4 8°F 

69 4°F 


This contrast is further illustrated by the fact that the January tem- 
perature at Fort William, Scotland, is higher than that of Shanghai, 
China, situated 1,600 miles closer to the equator 
The length of the growmg season is as noteworthy as the mildness 
of the temperatures The summers are always long, but cool. Every- 
where one looks one finds the agriculture and native vegetation beaung 
the stamp of these climatic characteristics Green pastures, oats and 
rye, root crops, and magnificent forests dominate the cultural and 
natural landscape Cattle, horses, and sheep browse in the fields during 
a large part of the year The Scilly Islands, England, latitude 49° 58', 
are frost-free the year round Northead, Washington, has a frost-free 
season of 316 days, whereas that of Pensacola, Florida, is only 285 days, 
Seattle, Washington, enjoys a growing season of 246 days, whereas m 
Atlanta, Georgia, it is only 225 days. In the poleward half of the 
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marine coastal areas the snowfall is relatively heavy, m the equator- 
ward half the snowfall is light and seldom remains long on the ground 
Spring opens about the first of March (in the northern hemisphere), 
and autumn holds over until late in November 
This mild climate is primarily a result of oceanic influence Warm 
ocean currents, which flow to the west of these regions, are also a 
factor in warming the winds and supplying them with moisture The 
Gulf Stream, together with the North Atlantic Drift, seems to be 
the most effective of these currents, as is seen by the fact that north- 
west Europe receives more warmth than any other area situated m the 
same latitude as indicated by the accompanying table 1 


Comparative Temperatures of the Coldest Month in the Sfveral Marine Regions 


Station Latitude 

Group 1 

Sitka, Alaska 57 ° 3 ' 

Aberdeen, Scotland 57° 10' 

Khnstiansund, Norway 63° 

Group 2 

Massett, Queen Charlotte Islands, Canada 53° 58' 
Punta Arenas, Chile 53° 10' 

Dublin, Ireland 53° 20' 

Group 3 

Victoria, Canada 48 ° 27' 

Scilly Islands, England 49° 58' 

Group 4 

Evangelist Island, Chile 51° 30' 

Valencia, British Isles 51° 56' 


Mean temperature 
for coldest month 

30 2“ F 
38 3° F 
34 7° F 


35 3° F 

36 8 ° F 
41 7° F 


38 9° F 
45 8 ° F. 


37 4° F 
44 7° F 


Precipitation and Humidity. Cloud, fog, mist, drizzle, and ram— 
these are characteristics for which the marine regions are as well known 

1 There is much dispute concerning the influence of the Gulf Stream James 
Croll says “The amount of equatorial heat earned into the temperate and polar 
regions by this stream alone is equal to one-fourth the heat received from the 
sun by the North Atlantic from the Tropic of Cancer to the Arctic Circle” 
(Climate and Cosmology, D. Appleton & Co , p 146 ) Willis Luther Moore, on 
the other hand, believes that the influence of the Gulf Stream has been exag- 
gerated but recognizes the importance of the general oceanic circulation as an 
important factor m climate ( The New An World, Little, Brown & Co , 1922 ) 
Unless the Gulf Stream and North Atlantic Drift are more effective than the 
warm currents off the coast of North America and South America, it is difficult 
to explain why stations situated on the northwest coast of Europe are from 5° 
to 8° warmer than those situated id the same latitude on the west coast of the 
other continent 
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as for their long, cool summers and mild winters Gloomy weather 
is the rule in wmtei, and even during most of the summer light mists 
usually obscure the view of distant objects The rainfall is moderate 
to heavy and is well distributed throughout the year The heaviest 
piecipitation occurs in those areas where the westerly winds, heavily 
laden with moisture, blow against a mountainous coast Perhaps the 
best example is that of the lain-drenched land of southern Chile “It is 
a vast morass— where the rocks are not too steep to hold any soil— 
dapping, oozing, showering, with no roads possible but corduroy, 
where theie are people enough present to maintain a corduroy For 
900 miles the woods are so wet that it is impossible to set a fire for 
dealing without constant relighting, even when all the people of the 
countryside turn out to attempt it In the southernmost islands the 
attempt would be quite hopeless.” 2 This same disagreeable climate 
exists along the wettei parts of the coasts of Noith America and 
Europe Dr Fairgneve once said, “The first essential m touring west 
Scotland is a raincoat.” The American soldiers who landed in north- 
west France— anticipating “sunny France”— found to their discomfort 
gloomy skies, ram, and mud Much of the rain comes in the form of 
gentle drizzles which last for days together, especially during the 
winter when the moisture-laden winds from the ocean are chilled as 
they pass over the colder land Throughout the year, umbrellas, 
raincoats, rubber shoes, and woolen clothing are indispensable to com- 
fort in all paits of the marine regions 

Fogs, prevalent along all the coasts, are a great menace to shipping 
At times tire beams from the most powerful searchlight will penetrate 
the fog but a few yards It is difficult for ships to enter or leave 
harbor under such conditions, and they occasionally crash together on 
the open ocean In London, farther inland, fogs are commonplace 
As the milky billows loll over the city all becomes darkness and con- 
fusion Lights must be turned on in midday, traffic is slowed up— 
almost stopped, and congestion of the worst kind results In the 
business districts millions of dollars are lost in sales In many coastal 
cities these fogs mean the loss of time and money, on the ocean they 
mean the loss of lives and property. 

The manne regions rarely experience violent outbursts of weather 
The wind is variable and sometimes strong Thunder squalls are 
almost unknown in marine regions, and torrential lams accompanied 
by severe lightning and thundei storms seldom occur 

3 Reprinted from Mark Jefferson, The Rainfall of Chile, American Geograph- 
ical Society, Research Series No 7, p 1 
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NATIVE VEGETATION 

The natural vegetation of the marine regions consists of heavy for- 
ests which, in places, are almost impenetrable because of the rich 
profusion of undergrowth In the wetter sections of these coasts the 
forests are fanly dripping with moisture, and the water-loving mosses, 
liverworts, and ferns are developed to an extraordinary degree. They 
form dense caipets on the forest floor, cover stumps and fallen logs 
with soft living cushions, and wrap even the trunks and branches of 
the trees in a thick drapery of shade-loving epiphytes. 3 The remark- 
able luxuriance of this forest growth is a response to (1) the abundant 
piecipitation which is well distributed throughout the year, (2) the 
vegetative season which is cool but of long duration, (3) the relatively 
fertile soils of glaciated areas, and (4) the resistance of the largest 
forest species to diseases and fungus growth 
It would be a mistake, however, to infer that, since all the marine 
regions are, or have been, forested, the native vegetation is therefore 
similar throughout In fact, these forests differ strikingly from one 
coast to another both in composition and in value, broad-leaved ever- 
green trees constitute the principal stand in some, while conifers are 
dominant in others, likewise, the timber of some is unrivaled in value 
but it is of modest worth m others 
The Pacific Coast Forest of Worth America. The forests of north- 
ern California, Oregon, Washington, British Columbia, and Alaska are 
extremely luxuriant In the more favored locations trees more than 
200 feet m height stand within a few yards of each other (Fig. 153). 
The Douglas fir, spruce, red cedar, redwood, and hemlock constitute 
the most valuable timber of this forest area The Douglas fir is the 
most abundant species about Puget Sound and the most important 
timber tree of the Pacific Coast It ordinarily attains a height of 175 
to 200 feet, and a diameter of 3 to 6 feet Many trees grow to a 
height of 250 feet and have a diameter of 6 to 9 feet. This great size 
of the Douglas fir is a response to the mild climate, the fertile glacial 
soil, the hardy nature of the tree, and its resistance to diseases and 
insect pests 4 In places, these magnificent trees form almost a solid 

8 An epiphyte is a plant that grows upon other plants but is not pansitic, 
deriving the moisture for its development from the air, an air plant 
*The Douglas fir does not suffer from insect pests or fungus diseases to the 
same extent as hemlock and cedar. Forests of British Columbus, Commissioner 
of Conservation, Ottawa, Canada, 1918, p 193 
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stand and make a picture which delights the eye of any lover of the 
foiest 



Fig 153. A heavy stand of red fir with a luxuriant undergrowth of hemlock, 
ferns, and other shade-loving plants (Courtesy U S Forest Service, photo by 

A Gaskell ) 


Along the coast of southern Alaska and most of British Columbia 
spruce and red cedar are the dominant species In places the red 
cedar has been largely depleted, as its wood is especially prized for 
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the large dugout canoes and for wood carvings which the Indians 
have made for centuries 0 

The outer coast ranges from the Oregon boundary to Santa Cruz 
are characterized by the ledwood formation which constitutes about 
85 per cent of the stand The forests of this region vie with those 
of the Douglas fir for majesty of development and yield of lumbei 
per acre and are also easily reproduced and grow very rapidly So 
far as is known, the redwood exceeds all other trees in height, an 
authentic measurement being 342 feet Many of the trees are 10 feet 
in diameter and a few are much larger The redwood reaches its 
greatest development in the Eel River Valley of northern California, 
where in places huge trees 300 feet in height grow so close together 
that on account of the dense shade there is little undergrow th except 
ferns and a few low green shrubs Here, perhaps, is the heaviest stand 
of timber to be found any place on earth. 

The mam body of redwood is confined to the western slopes of the 
coastal mountains north of San Francisco The range is controlled 
by the summer coastal fogs Only where these are common does the 
redwood flourish, apparently requiring the fog blanket against the 
hot sun of summer 

North of latitude 43° the lower slopes of the Cascade Mountains are 
clad with lighter woodlands of composition similar to that of the 
coastal forest South of 43° commence the famed high forests of the 
Sierra Nevadas— the home of the big or mammoth sequoias " 

South Chilean Forests In density of growth and magnificence of 
development the coastal forest of southern Chile is somewhat similai 
to that of the Pacific Coast north of San Francisco, but m composition 
it is strikingly different and m value decidedly inferior Whereas 
the North American forest is composed almost exclusively of conifers 
—redwood, spruce, fir, hemlock, and cedar— these play a very sub- 
ordinate role in the Chilean forest, where the prevailing trees are 
broad-leaved evergreens which are not found in the northern forest ' 
The broad-leaved forest occupies the whole coast of southern Chile to 
the extreme tip of the country With the decreasing temperatures to 

“Douglass Houghton Campbell, Outline of Plant Geography , The Macmillan 
Cp, 1926, p 128 

“Andreas Franz Schimper, Plant Geography , The Clarendon Press, 1903, pp 
566-569 

T Douglass Houghton Campbell, Outline of Plant Geography, The Macmillan 
Co, 1926, p 365 
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the southward, theie is a maiked falling off in the number of species, 
and the trees become moie stunted, but the vegetation is still, for the 
most part, evergieen, foi although the wind is boisterous and the cli- 
mate raw, it is not very cold Ascending the mountains to the east, the 
bioad-leaved forest is replaced by one in which coniferous trees aie 
more abundant One of the most important commercially is the 
aleice, which is highly esteemed for its timber 
The physical aspect of this forest is magnificent, but the trees aie 
sadly disappointing for timbei The coihue tiees, large evergreen 
beeches which constitute 30 to 38 pei cent of the forest stand, are 
especially stately and impiessive, but inquiry concerning their value 
reveals the fact that they are “the pest of Chile.” “They are simply 
giant weeds and only too abundant Too heavy and weak for lum- 
ber, too wet to burn, they simply keep out the sun and make a quag- 
mire of the ground, cumbering the earth with their useless presence ” 8 
New Zealand. New Zealand has a flora unmistakably related to that 
of southern Chile, indeed so intimate is the relationship that it seems 
extiemely likely that some sort of land connection must have existed 
at one time between these countries now so widely separated. Not 
only aie there many genera m common, but some fifty species are 
cited as belonging to both legions 0 
In both New Zealand and southern Chile the forests are extremely 
luxuriant, containing stately trees with a ground floor of countless 
ferns, mosses, lichens, climbers, creepers, and shrubs so dense that they 
aie almost impenetrable The nee fern, not found in North America, 
is especially beautiful and abundant m New Zealand It grows to 
heights of 50 feet and is piobably unsurpassed m beauty by any tree 
fern 

The forests are usually of a mixed character, some one oi two species 
being predominant The led pine, remu, is the principal lowland 
species of South Island. It leaches a diameter of 4 feet or more but 
makes only fair lumbei. On the lower slopes of the mountains, beech 
trees of excellent quality are abundant 10 
In northwestern Europe the native vegetation has been practically 
destroyed, but secondary forests of mixed hardwoods and softwoods 

8 Reprinted from Mark Jefferson, Recent Colonization m Chile , American 
Geographical Society, Research Series No 6, p, 13 
8 Douglass Houghton Campbell, Outline of Plant Geography, The Macmillan 
Co , 1926, p 369 

10 M. E Hardy, The Geography of Plante, The Clarendon Press, 1920, p. 193 



LAND FORMS OF MARINE REGIONS 


393 


cover extensive areas m Norway and Sweden, forming the basis for 
the development of scientific forestry and wood-product industries 

LAND FORMS OF MARINE REGIONS 

No climatic lealm shows greater similarity of land forms from one 
region to another than the marine Rugged mountains, cold and snow 
capped throughout most of their extent, stand as mighty bainers to 
the east of a considerable part of each of these coastal belts, casting 
their morning shadows across the lowland into the ocean bevond 

On these uplands the exceedingly heavy snowfall of wintei is greater 
than can be melted by the cool breezes of summer. As a result, 
glaciers creep down the western slopes of these mountains, near the 
poleward margins, almost or quite to the shoreline. On the western 
slopes of the Andes of southern Chile and the coast ranges of Alaska 
are situated the most extensive glaciers to be found on these two con- 
tinents, and from the southern Alps paralleling the western coast of 
South Island, New Zealand, glaciers descend almost to the base of the 
mountains For hundreds of miles in Noiway, Scotland, Chile, United 
States, British Columbia, Alaska, and New Zealand these mountains 
are formidable barriers against the migrations of plants, animals, and 
man. Even the winds are compelled to drop most of their load of 
moisture on the windward slopes of these uplands Here and there 
these mountains are subdued, and in parts of Europe they almost or 
wholly disappear. 

Descriptions of the coasts of Norway, British Columbia, Alaska, and 
southern Chile would read much alike. All are deeply indented, 
fiorded, and fringed with islands, they possess innumerable harbors 
which are sheltered from the westerly wands, they have an abundance 
of timber for the building of ships, and all have a paucity of agri- 
cultural lands Thousands of mountain spurs rise directly out of the 
ocean, and m many places the ceaseless waves beat against bold cliffs 
hundreds of feet high. Many of the outlying mountains are entirely 
surrounded by water, forming picturesque islands Unnumbered 
fiorded valleys are so narrow and the walls so steep that they contain 
no agricultural land, and in places there is scaicely enough room for 
the little fishing villages. These coasts are hard lands, suited only to 
a hardy people (Fig 154) 

From such lands the Norwegians made their forays to the British 
Isles and the continent of Europe, and in their attempts to find an 
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environment less haish they discovered Iceland, Gieenland, and Amer- 
ica For hundreds of yeais Norway has been a land of emigration 
Her sons and daughters are still migrating to Amenca and othei for- 
eign lands m seaich for a moie hospitable enviionment The Indians 
who dwelt on the nanow coasts of Alaska, British Columbia, and 
Tieria del Fuego weie piobably no less daimg and bold in their 



Fig 114 Gold mines at Juneau, Alaska, together with a landscape typical of 
thousands of miles of the coast of marine United States, Canada, and Alaska 


hungry, restless wanderings, but they had developed only an inferior 
civilization and possessed meager equipment for navigation 
Fortunately, on the equatoiward margins of all the marine regions 
the coastal lowlands broaden out or the mountain uplands disappear 
or are more subdued, affording increased opportunity foi agricultural 
development Western Europe is most favored m this respect, but 
all the other regions have more or less agricultural land 

LUMBERING AND WOODWORKING INDUSTRIES 

The forest is one of the major resources of every marine region, 
and lumbering and woodworking rank high among the chief industries 
In fact, one of these regions, marine North Ameiica, is the most pro- 
ductive lumbering and woodworking area m the world today In 
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1944, the total lumber production of California, Oregon, and Wash- 
ington exceeded 13 billion board feet, most of which was produced 
relatively close to the coast. The output of these three states exceeded 
that of all the southern states combined (Fig 155) In the other 
marine regions lumbering is one of the major industries, but the total 
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Fig. 155 Marine United States produces more lumber than anv other region in 
the world Approximately 40 per cent of the lumber of the United States is 
normally produced in Oregon, Washington, and California ( Statistical Ab- 

stract of the United States, U, S Department of Commerce, 1946, p 710 ) 


value of the product is small compared with that of the same climatic 
type m North America In marine Europe most of the primeval 
forest has long since been cut, and the better land is being utilized 
for agricultural purposes Several factors combine to discourage lum- 
bering in both Chile and New Zealand These lands are remote from 
the great lumbering markets of the world, they contain much timber 
of inferior quality; and they yield, for the most part, a small amount 
of good lumber per unit area Yet in both places lumbering is of 
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increasing importance, especially since uses aie being found for the 
lumber of certain trees foimerly considered worthless 

The Pacific Forest of North America 

The forest represents the gieatest natuial wealth of the Pacific 
Coast north of San Fiancisco, and lumbeung is the dominant industry 
In 1937, 53 per cent of the wage earners of Washington were de- 
pendent upon the lumbei industry, and more than 46 per cent of the 
value of all products manufactured m the state were made from the 
native forests. 11 

The Pacific forest zone contains the greatest timber reserves of 
North America and has lately become the foremost lumber producer. 
In 1945, more than 64 per cent of the remaining saw timbei of the 
United States was situated in noithwestern United States, primarily 
in Washington, Oregon, and northern California 12 Approximately 
70 per cent of the Canadian reserve of saw timber is to be found in 
British Columbia The extreme concentration of this reserve of saw 
timber stands within 200 miles of the Pacific Coast, between San 
Francisco and Alaska Nowhere in existence can be found another 
contiguous forest area of approximately 200,000 square miles that 
has such a laige timber reserve, and quite certainly the area contains 
the most productive stands of high-grade timber on record 

Five million board feet of lumber have been cut from 10 acies of 
the Douglas fir zone, and a production of 100,000 to 200,000 board 
feet per acre is not uncommon It is estimated that over the entire 
areas the average stand of original forest per acre was sufficient to 
build two five-room bungalows These magnificent forests of red- 
wood, Douglas fir, and red cedar are veritable “gifts of the gods ” 13 

The Douglas fii, the most abundant species about Puget Sound, con- 
stitutes the most valuable timber of the marine region of North Amer- 
ica Mature fir trees usually contain 2,000 to 6,000 board feet of lum- 
ber, and many contain more than 10,000 board feet each 

11 Census of Manufacture for the State of Washington, U. S Department of 
Commerce, 1939 

18 These data were obtained by taking the stand of saw timber as estimated 
in 1938 and subtracting the estimated cut since that time No account was 
taken of new growth or of loss by fire and diseases 

18 An excellent description of the forests and forest industries of British 
Columbia is given in The Canadian Year Book, Dominion Bureau of Statistics, 
1947, pp 384-418 
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The Douglas fir, being intolerant of shade, sheds its lower branches, 
leaving one-half to two-thirds of the bole clear, and a large percentage 
of the wood is free from knots The lumber is remarkably strong 
and light It can be dried rapidly with little danger of cracking, warp- 
ing, or twisting m the process Such qualities make the Douglas fir 
well suited for the production of lumber for construction purposes 
and of veneer used in the making of plywood One species of Douglas 
fir is spoken of by the lumbermen as a peeler The trees grow to 
be 4 to 6 feet m diameter, and this species is the principal one used 
in the manufacture of plywood. The name “peeler” comes from the 
face that, when the logs of this specie are pressed against long sharp 
knives and then lotated, long thin strips of veneer can be peeled off 
veiy easily 

The Sitka spruce and yellow cedar are the most valuable foiest 
species of southern Alaska, and the red cedar is widely scattered from 
southern Oregon to south-central Alaska The spruce is light, strong, 
and straight. It is highly valued in the manufacture of spars, such as 
masts or booms for boats A tall straight Sitka spruce is probably 
the most valuable, per cubic foot, of all commercial trees of the west 
coast The red cedar supports the world’s greatest vood-shingle in- 
dustry Oregon, Washington, and California produce more than 90 
per cent of American-made wood shingles, and British Columbia pro- 
duces 85 per cent of the Canadian supply Prior to 1926, between 
11 and 18 million squares 14 of shingles were manufactured along the 
Pacific Coast each year Fortunately the output is now decreasing 
because of the keen competition of composition shingles Since 1929 
the output has never reached 5,000,000 squares a year and in 1944 
the production dropped below 3,000,000 squares. 

Growth op the Lumber Industry 

The first commercial sawmills were built in Oregon in 1844 and 
near Puget Sound m 1845 Since the region was remote from the 
great lumber markets of the world, the first demand for lumber was 
for local construction and for shipment to California and Hawaii 
It was not until 1884 that the first railroad from the East reached 
Seattle, opening up a new market for lumber The opening of the 
Panama Canal in 1914 gave low freight rates for lumber to our east 
coast and to Europe Since then the lumber production of Wash- 

i* A square of shingles is enough to enter 100 square feet 
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mgcon and Oregon has increased rapidly Portland, Seattle, Tacoma, 
Bellingham, and Everett are all important lumber-export centers (Fig 
156). 

Outlook for the Lumber Industry 

Throughout this entire coastal belt from central California to lati- 
tude 60°, most of the land is ill suited to agriculture and should be 
kept permanently In forest Natural reforestation takes place readily, 
and the long, moist, cool growing season encourages rapid growth 
In the Douglas fir zone it has been estimated that an average of 32,000 
to 44,400 board feet per acre can be grown in 60 to 80 years, depend- 
ing upon the quality of the soil Insects do little damage except in 
the yellow pine forests, fungus diseases have been serious for the most 
part only in overmature timber. These are the conditions which make 
for profitable scientific forestry, and recent studies in forest finance 
show that the practice of forestry is not only sound but attractive 
financially 10 Forestry, therefore, will probably remain one of the 
major industries of the region, provided that measures are taken to 
conseive the timber stand 

The Lumbering Industry of Chile 

More than 30,000,000 acres of southern Chile are covered with forest, 
but only about one-tenth of this is classed as “lumber forest ” During 
the decade prior to 1938 the average annual cut was approximately 
400,000,000 board feet, less than 3 per cent of the output of marine 
North America. Attempts to exploit the forest resources of Chile 
have for the most part been disappointing Inferior timber, rugged 
topography, poor logging methods, low yield of good lumber per 
acre, and remoteness from good markets are among the factors most 
difficult to overcome. 

The Chilean forests are too thinly sprinkled with useful trees. There 
are several species of the coihue tree, one of which makes fair lumber, 
but the most common species are not considered valuable since the 
wood is extremely perishable when exposed to the weather and checks 
badly when used inside. 18 In the more accessible places the stand of 

18 Hanzlik, “Financial Aspect of Reforestation by Private Owners in the 
Douglas Fir Region, 11 University of Washington Forest Club Quarterly, Vol 1, 
No 2, June 1922 

18 Zon and Sparhawk, Forest Resources of the World , McGraw-Hill Book Co, 
1923, Vol, H, pp 742-744 
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good saw timber aveiages only 5,000 to 15,000 board feet per acre 
(Compaie this with the acieage pioduction of marine North America, 
p 396) 

Small aieas of pine foiest aie to be found fai up in the Coidillera, 
but the difficulty of transpoitmg the lumbei to maiket makes the cost 
piohibitive These pine trees are more valued for then seed cones, 
which piovide the Indians with an impoitant article of food and which 
even reach the Santiago market. 

The alerce, another comfei, makes good lumber but unfortunately 
it is scarce For moie than a hundred years the Indians have carried 
out alerce boaids from the almost impenetrable interior In Darwin’s 
day they were the only money product of Valdivia Today the 
merchantable timber of this valuable tiee is almost gone 
This backward state of lumbering in Chile is not primarily due to 
lassitude or ignorance, for progressive and intelligent lumbermen are 
active there The fact is simply that the Chilean forests are of very 
moderate value Puerto Montt, situated m the foiest country of 
Chile, can never develop a great lumber mdustiy similar to that of 
Seattle, Bellingham, Olympia, Tacoma, and Everett, all sui rounded by 
forests that are unrivaled 

Forest Industries of New Zealand 

As regards the number of men employed and the amount of money 
expended m wages, timbering m New Zealand is probably first among 
the industries, although the value of the product is not so great as that 
of agriculture. The average annual cut of saw timber is about 500,- 
000,000 board feet, primarily kauri and white pme. At the present 
rate of cutting these two most important commercial trees will soon 
be almost destroyed, but other forest species will probably maintain 
the industry at present levels for a generation oi more 
The bulk of the export lumber of New Zealand goes to Australia, 
the largest amount being taken by the neighboring states of Victoria 
and New South Wales But exploitation has been rapid, and New 
Zealand already imports about half as much lumber as she exports, 
the bulk of it coming from western United States and Canada. Some 
forest products, such as laths and shingles, come entirely from America 
Since the depletion of the New Zealand forests seems imminent the 
government has passed some of the most progressive forestry laws 
enacted by any country Modern conservation measures have been 
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put into operation, plans have been made to reforest 700,000 acres of 
cut-over land, and the exportation of lumber has been restricted 17 

Forest Industries of Marine Europe 

British Isles. Three hundred years ago the British Isles were 
densely wooded, but under the pressure of an enormous growth in 
population the forest products have been needed for industrial pur- 
poses and the land for aguculture and pasture Today, less than 4 
per cent of the area is wooded, and even this small acreage contains 
inferior stands of timber The United Kingdom has the least forest 
area per capita of any country m Europe, the amount being only 0 067 
acre Consequently, the local lumbei production is only 5 or 6 per 
cent of the amount consumed In addition, the United Kingdom lm- 
poits annually almost a million tons of wood pulp and pulpwood 

Forests of Norway The long extent of the country from north to 
south, the varying height above sea level, and the diversified soil con- 
ditions combine to produce such a variety of conditions for growth 
that the forest vegetation is highly heterogeneous. The pme tree grows 
as far noith as 70° latitude and forms the most northern forest 
in existence North of latitude 60° the trees are small and of little 
commercial value. In general, the forest improves in quality south- 
ward until in the deep moraine soils of southeastern Norway it is of 
greatest commercial value 

The total stand of timber is estimated at 120 to 140 billion board 
feet or about two-fifths that of Oregon. Recently the value of all 
productive forests m Norway was estimated at $250,000,000, or 10 to 
12 per cent of the total wealth of the country 

The commonest kinds of trees are (1) the fir, which, according to 
estimate, constitutes 50 per cent of the forest stand, and (2) the pine, 
which makes up another 30 per Cent of the forest The lowland 
beech, oak, and aspen occupy considerable land in the south, but they 
are of little commercial value 

The western coast of Norway was never forested because of the 
strong sea winds, and the convenient access of the western valleys to 
the coast and the deep sheltered fiords caused the depletion of the 
forests which formerly occupied the sheltered valleys of the west. 

11 For an excellent discussion of the forest situation in New Zealand, see Zon 
and Sparhawk, Forest Resources of the World , McGraw-Hill Book Co,, 1923, 
Vol. II, pp. 943-947 
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In the southern part of Norway the forests aie a more conspicuous 
pait of the landscape than the farms Except aiound Trondheim and 
Oslo fioids, most of the Noiwegian faims have an isolated position 
m the foiest, or aie situated in clusteis at the bottom of the valleys 
and in lowlands 

In the southern part of Noiway, lumbering is still a major industry 
with a commeicial pioduction of about 50,000,000 cubic feet of wood 
each yeai 

Logging Methods of Marine Regions 

Each marine region has developed its own method of logging, de- 
pending on such fact 01 s as the size of logs, the amount of snow, the 
nature and number of streams, the seasonal nature of the industry, the 
size of the sawmills, and the scale of lumbeung opeiations In some 
legions the methods aie modem and progressive, in otheis, ancient and 
backward Since 1920, the logging industry of our own western coast 
has undergone marked changes In the early days logging was con- 
ducted in a simple manner and with little machinery In those distucts 
having plenty of winter snow, the logs were hauled on great sleds 
over icy roads to the banks of the nearest stream to be floated to the 
mills after the ice had bioken up in the spring In the southern sec- 
tion of the foiest and along the coast, wheie the snow fall is light, 
nvei duvmg has never pioved satisfactory, although it was practiced 
extensively in the eaily days The logs were pulled to the sti earns by 
oxen and hoises, it was clear from the start that these beasts of burden 
were poorly suited for the transportation of the larger logs, and as 
a result the donkey engine was gradually introduced m the nineties 
It has since been developed into a powerful and efficient machine 
which by means of cables can drag and hoist the heaviest logs quickly 
and easily (Fig 157) 

Living conditions m om western logging camps have also undergone 
maiked improvements Formerly, the men lived m bunk houses of 
veiy rough construction, 30 to 50 men sleeping in one room Every- 
thing was of the toughest frontier type, and sanitary conditions were 
very unsatisfactory Today the logging camps are constructed in 
accordance with the latest impioved methods of housing and sanitation. 
In some of them club rooms with phonographs, radios, newspapers, 
books, and magazines have also been established 

The logging industry has also changed from a seasonal industry to 
one conducted the year round. The camps are more permanent than 
formerly since the logs are brought m from increasing distances. 
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Permanency permits more home life, and as a result an increasing per- 
centage of the laborers are men with families In fact, married men 
are pi ef erred to single ones, as they are usually more reliable and have 
a greater interest in the permanency of the work 
This great improvement of the logging m western United States and 
Canada was made possible because of the large yield of high-grade 



Fig 157 The donkey engine now handles with ease logs of vast size which for- 
merly had to be split before they could be transported (Courtesy Southern 

Pacific Railway Co ) 


lumber per acre and the vast amount of capital invested in the in- 
dustry. Improvement was, moreover, necessary m order to handle 
the large logs, some of which weighed many tons 18 

Logging in Norway. Owing to the dose network of rivers m the 
forested areas of Norway, most of the logs are floated to the mills In 
the larger forest aieas which are remote from permanent settlements, 

18 For a more complete discussion of logging methods in Washington and 
Oregon see Lewis and Miller, The Economic Resources of the Pacific Northwest, 
Lawman and Hanford Co , Seattle, 1923, pp 202-205 
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the only dwellings are log shanties built for the laborers. Most of 
the felling and transportation take place in the winter when farm 
laboreis have time to work in forests and when the deep snows facili- 
tate the transportation of the logs to the streams 
The timber cutters, as a rule, have their own little faims where they 
woik during the summer Each faimer contracts to cleai a certain 
acieage of land dining the winter. In this v'ay the shaip contiast 
between workers and employers does not arise m forestry as m other 
industries, and stukes aie therefore rare in the former industry 
In both Europe and America the larger mills are located beside 
ponds where the logs are placed to await sawing This facilitates the 
handling of the logs since they aie more easily moved in water than 
on land 

Logging in Chile and New Zealand. Practically all logging opera- 
tions in Chile and New Zealand are undertaken by the farmers for the 
primary purpose of clearing the land in order to devote it to agri- 
culture or stock raising As a result, well-planned extraction methods 
aie lacking. To this lack of planning may be attributed the large per- 
centage of losses in cutting operations 
The use of waterways as a means of conveying logs to mills is not 
common m Chile as most of the producers have their own sawmills 
located close to the base of felling operations. A narrow, two-wheeled 
cart drawn by two or four oxen is the most common method of con- 
veying the logs to the mills, which are rarely more than a mile away 
The small mills are moved from place to place as felling progresses 
Log ponds are never used m Chile On the whole, the logs are smaller 
and more easily handled than in North America, and the mills remain 
in any given location for so short a time that it is scarcely worth while 
to make special provisions for ponds. 

AGRICULTURE OF MARINE REGIONS 

Grass, small giains, root crops, and vegetables are the dominant agri- 
cultural uops, which together with cattle, horses, sheep, and poultry 
constitute, with minor exceptions, the principal source of the farmers’ 
income. Fruits are of considerable importance in small areas; hog 
raising, associated with dairying, is even more widespread, and on 
some of the poorer pasture lands goats outnumber the sheep The 
growing season is too cool and moist for the successful cultivation of 
maize, and, although in certain districts wheat yields abundantly, the 



AGRICULTURE OF MARINE REGIONS 405 

moist, cloudy, ripening season often prevents the gram from fully 
manning, or makes it difficult to preserve the ciop 
Fortunately, most of the land having a topography suited to farm- 
ing and pasture lies in the equatorward half of the marine regions 
wheie the winters are least severe and the growing season is longest 

Agriculture m the Equatorward Half of the Marine Regions 

The major portion of the agricultural development of marine regions 
has taken place in the equatorwaid sections, but in western Europe a 
live interest is shown in agriculture as fai north as the Arctic Circle 
Ireland an Area of Extreme Marine Climate. “The Emerald Isle” 
is a notable example of the influence of a marine climate little modified 
by the continental land masses lying to the leeward Moreover, the 
poor drainage of the glaciated soils together w'lth the heavy rainfall 
and slow rate of evaporation result in much of the land being too wet 
for cultivation but suited to pasture Green colors dominate the agri- 
cultural landscape throughout most of the year Pastures, fields of 
grain, and the broad succulent leaves of root crops may be seen every- 
where More than 75 per cent of the cultivated land is given to hay 
and oats, and most of the remainder is m root crops and barley 
The cropping system is admirably suited to animal husbandry— the 
most important industry of the land The number of cattle for each 
1,000 acres of arable land exceeds that of any other country except 
the Netherlands and Denmark, both of which have a climate similar 
to that of Ireland. That the commercial products of Ireland are almost 
entirely dependent upon agriculture is clearly reflected m the exports 
of the country. 

In 1938, cattle represented more than one-third of the total value 
of the exports Butter, bacon and ham, horses, and poultry products 
were the only other commodities having an average annual export 
value of more than $5,000,000 each. Out of the first twenty exports 
of Ireland, fish was the only one that was not a direct product of the 
agricultural and pastoral industries. 

In south Ireland the mild, moist marine climate is at its best. The 
cropping and growing season is long, and the land is rugged enough 
to have fair drainage This is the chief dairy and poultry region of 
Ireland The somewhat sheltered areas of southeastern Ireland with 
their fair to good drainage constitute the principal cereal and sugar- 
beet region of the island. A large part of the flat interior of the 
island is given to pasture and livestock breeding (Fig. 158). 
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The most valuable export of Ireland is beef cattle, shipped to the 
markets of the great industiial centers of England Many of these 
cattle aie fattened m England befoie they aie sent to the slaughter 



Fig 1S8 Map of the British Isles showing the chief highland and lowland areas 
The dotted areas are highlands above an elevation of 1000 feet Note the location 
of low hills in southeastern England, known as the North and South Downs 
Study the location of leading cities (Altitude according to J. Paul Goode ) 


pens of packing plants In this respect the animal industry of Ireland 
differs materially from that of the Netherlands, Denmark, and north- 
west France, wheic meat production is prnnarily a by-product of 
dauying 
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Great Britain. Before the Industrial Revolution most of the people 
of Britain were suppoited by the agricultural and pastoral industries 
Today less than 5 6 per cent of the working population of the United 
Kingdom— England, Scotland, Wales, and Northern Ireland— are en- 
gaged in agriculture, whereas approximately 60 per cent are now 
normally employed in manufacture and trade This change has taken 
place m little more than a century Duang this time millions of acres 
of crop land were given ovei to pasture or waste, while industrial and 
commercial cities were glowing rapidly. 



Fig 159 During World War II the United Kingdom put forth great effort to 
increase her production of food crops Approximately 5,000,000 acres of perma- 
nent pasture were given to food and feed crops 


Soon after this shift in the population from the country to the city 
began, Britain was no longer able to feed her industrial population 
She therefore quickly adopted a free-trade policy which favored the 
importation of food from foreign lands, especially from the extensive 
agricultural regions of the western hemisphere and from Australia 
England’s trade policy, although no longer one of free trade, still favors 
the importation of food products. 

World War II, with its strain on the shipping facilities of the 
world, brought on a food shortage in the United Kingdom which 
Caused the British to put forth great effort to increase their home food 
supply. The area given to permanent pasture was reduced approxi- 
mately 5,000,000 acres, whereas the area given to major food crops 
was increased several million acres (Fig 159). 

Most of the United Kingdom is still given to pasture and hay, only 
a small acreage being devoted to cultivated crops (big. 159). This 
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supiemacy of pasture and hay is closely related to four factors (1) a 
laige part of the island consists of rugged uplands poorly suited to 
agriculture (Fig 158), (2) the manne type of climate is ideal for the 
giowth of a variety of glasses, (3) industry and commerce have ab- 
soibed a large part of the laborers, and (4) many food products can 
be imported more cheaply than they can be grown. Neveitheless, a 



Fig 160 Distribution of wheat in the British Isles and on adjacent areas located 
on the continental mainland of Europe Notice the importance of wheat m east- 
ern England and the small amount produced in the western areas of the British 
Isles Each dot represents 100,000 bushels of wheat (U S Department of Agri- 
culture, with modifications,) 

considerable part of the lowlands is given to those crops that are 
adapted to marine regions 

The oats cfop is second only to hay in acreage It is a cool-season 
crop and thrives m Scotland, Wales, and western and northern Eng- 
land. Oats are used as food foi people and also as feed for horses 
This cereal fills a very important role m the diet of the Scotch high- 
landers and of other people who live in the cooler and moister sections 
of the United Kingdom. 

Wheat is grown in practically all sections of the British Isles, but 
the lowlands of eastern England are the chief area of cultivation (Fig 
160). There the rainfall is lelatively light (25 inches more of less) 
and the amount of sunshine exceeds that of any other part of the 
British Isles. 
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Wheat is only one of the crops grown in the eastern lowlands of 
England. Oats, barley, rye, turnips, potatoes, and a great variety of 
other vegetables, fruits, and berries are cultivated 
The livestock industry A study of Figs. 158 and 161 leads one 
to conclude that the livestock industries of Great Britain are very im- 
portant. This conclusion is well founded The total value of live- 



Fig 161 Distribution of sheep Note the areas of greatest density of sheep m the 
British Isles Each dot represents 10,000 sheep (U S Department of Agricul- 
ture, with modifications ) 


stock products is approximately three times that of all crops Natural 
and human factors have combined to favor the animal industries 
Chief among the factors are a mild and moist climate, a rugged topog- 
raphy, a great city population that needs meat and dairy products, and 
ease of importing agricultural commodities. 

Special emphasis is given to the raising of sheep and cattle. In 1938, 
the United Kingdom had approximately 25,000,000 sheep, 8,000,000 
cattle, 4,000,000 hogs, and 1,000,000 horses Sheep are raised in all 
parts of the British Isles, but the highlands or rugged areas support 
the greatest number of sheep per square mile. 

Northern Prance. In marine France, as in the United Kingdom, the 
livestock industries and the growing of wheat, hay, pasture, vegetables, 
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and fruits repiesent the major agricultural industries The cash in- 
come fiom the sale of animal pioducts makes up approximately 75 
per cent of the income of the average f aimer of northwest France 
Wheat is the most important crop in the better agricultural sections 
(Fig 160). Apples and small fruit aie abundantly gi own m the more 
lugged areas, and the legion is nationally famed for the making of 
cidei Along the more accessible coastal distucts, and on some of the 
Channel Islands, market gardening has been developed to a lemark- 
able extent Vegetables aie exported to the ciowded industrial aieas 
of England and Belgium 

Marine Fiance is not sunny France Instead it is a region of much 
ram, drizzle, fog, and high humidity Mud is more common than 
dust Many of the houses and stables join each other or are placed 
very close together so that the fanners can go from one to the other 
without exposure to the weather and without the inconvenience of 
wading through the mud 

Belgium and Netherlands — Countries of Intensive and Scientific 
Agriculture Belgium, with 706 people to the squaie mile, and Nethei- 
lands, with 628, lank high in population density, even among the most 
populous countries of the woild The nature of the agnculture of 
these countries reflects then density of population, their advanced state 
of commerce and trade, and their marine climate The great density 
of population of these countries has made it necessary foi the in- 
habitants to faim their land intensively Most of the farms contain 
from 2 to 12 acres, and the agnculture, except for the pasture and 
hay, is largely of the garden type 

Both these countries export large quantities of such agricultural 
products as butter, cheese, poultry, and eggs They import laige 
quantities of foods that can be giown more cheaply and easily else- 
where 

The following facts indicate the close relationship between the agri- 
culture of these countiies and the marine type of climate Forty-five 
per cent of the cultivated land of Belgium is in pasture and hay, 33 
per cent m cereals, chiefly oats, rye, and wheat, and 15 per cent in 
root ci ops In the Netherlands 55 per cent of the cultivated land is in 
pasture and hay, 20 per cent is in cereals, and 1 1 pei cent in root crops 

The livestock industry has also reached a high point of development 
in Belgium and the Netherlands The Netherlands ranks first among 
all countries in the world in the number of cattle per square mile and 
m the average milk production per cow. 
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Agricultural Development Slow in Northwestern United States In 
western Oregon and Washington the agricultural development has 
lagged behind the lumbering and commercial activities This delay is 
a response in part to the difficulty of clearing the land for the plow, 
and in part to the better opportunities afforded by other industries 
Many of the stumps are large and resistant to decay, making the task 
of clearing the land expensive On much of the best land the cost of 
stumping is approximately $125 per acre Much of the gutted forest 
land, therefore, is lying idle or is being slowly reconquered by the 
forest Unfortunately, frequent forest fires destroy much of the 
second-growth timber and injure the soil 

The best agricultural areas of marine United States are the Wil- 
lamette and Puget Sound valleys and scattered areas west of the coastal 
ranges (Fig 156). These lowlands are well suited to the dairy in- 
dustry and support many fine herds of dairy cattle These moist areas 
are also well suited to the production of wheat, hops, plums, apples, 
and a great variety of vegetables, small fruits, and berries Every large 
city supports its nearby market gardens, and plums, small fruits, berries, 
wheat, and dairy products are produced m sufficient quantities for 
export The Willamette Valley ranks first among the regions of the 
United States in the canning of berries and small fruits 

Agriculture versus other industries of marine United States 
The industrial and commercial opportunities of northwestern United 
States surpass those of the agricultural industries The urban popula- 
tion is increasing much more rapidly than the rural. Puget Sound 
contains many good harbors and the city population bordering this 
body of water already approximates 1,000,000 people The population 
of Seattle has increased from 90,426 in 1900 to 305,394 in 1940, while 
Tacoma’s population increased from 37,714 to 109,408 during the 
same period. Puget Sound cities and Portland, Oregon, are ideally 
located for freight and passenger traffic of much of the North Ameri- 
can continent to meet that of the North Pacific area (Fig 156). 
Manufacturing industries are also developing rapidly in both the 
Puget Sound area and m the lower Columbia River Valley. Hydro- 
electric power is cheap and abundant, the neighboring forests are the 
finest in the world and supply raw materials for wood-working plants, 
Scores of other rlw materials may be obtained merely by stopping 
them m transit as they pass through these cities to world markets, 
and finally, the present and potential markets of the North Pacific 
regions are large 
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Agriculture and city development in marine United States 
The agricultural land of maiine United States may m the remote 
future support a dense population The region is especially well 
suited to the giowth of a great variety of foods— cereals, potatoes, and 
other root crops, most deciduous fruits, many kinds of beines, and 
a great variety of vegetables The climate is almost ideal for the 
dairy industry The giowth of industrial and commercial cities will 
stunulate the agricultural industries 

Agriculture in. the Poleward Margins of the Marine Regions 

Northwest Euiopc is the only marine region in which agriculture 
has been developed to any considerable extent m the higher latitudes 
Along the west coast of North America no agriculture worth men- 
tioning has been undertaken north of latitude 50°, and, except for a 
little pasture in the sheltered valleys of the extreme southern part of 
Chile, the agricultural frontier of that country scarcely reaches the 
forty-fiist parallel In Euiope the farmer has established himself much 
farther poleward. Denmark, lying north of latitude 55°, is famed for 
her agricultural products, the Scottish lowlands situated in the same 
latitude are well known for their pastures, root crops, and small grains, 
m Norway, agriculture is one of the three major industries, and ex- 
cellent wheat crops are giown about Trondheim Fiord, latitude 64°, 
the most poleward position where this gram will mature regularly 
Nevertheless, it may be noted that with increasing latitude the farmer 
is more and more dependent upon pasture, hay, oats, and loot crops 

Agriculture in. Denmark. Denmark is an agricultural nation, more 
than 50 per cent of the population living on farms and many of the 
manufacturing industries being closely related to the agricultural de- 
velopment The country has no water power, and the forests are in- 
significant, it lacks minerals and has few natural advantages for the 
pioduction of other raw materials except those derived from die soil 
Even the soil is thm and sandy and the winters aie long, but by scien- 
tific use of the land and by cooperative methods of selling the Danes 
have prospered and have become famed for their dairy, poultry, and 
meat products 

Pasture and hay are the major crops, and most of the remaining cul- 
tivated land is utilized for small grains and potatoes The climate is 
well adapted to oats, barley, and rye, but the summeis are too cool 
and moist to produce the best grade of wheat. The cool climate and 
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sandy soil aie well suited to potatoes, the foremost food crop of the 
land, with an average annual production of about one-third ton per 
capita 

Small grains, green fodder, root crops, and pasture occupy more 
than three-fourths of the arable land The loot ciops are grown pri- 
marily for cattle feed, 92 per cent being grown foi fodder, 4 per cent 
(mostly potatoes) for food, and 5 per cent (sugar beets) for the man- 
ufacture of sugar The fodder roots are beets, swedes, turnips, and 
carrots Even the grain is grown largely for cattle feed, although the 
little wheat that is harvested and part of the rye are used m the mak- 
ing of bread It is estimated that JO per cent of the local food crop 
is grain, 40 per cent root fodder, and 10 per cent hay Only a little 
land is given to pasture, a wasteful method of utilizing the better 
arable land Most of the cattle are fed, at least in part, even during 
the grazing season 

Denmark was one of the first European countries to adjust herself 
to meet changing conditions in world agriculture brought about by 
the opening up of the extensive wheat lands of the Americas When 
overseas competition in the production of grain began to make itself 
felt m western Europe about 1880, Danish farmers began to concen- 
trate on animal husbandry and to take full advantage of the cheap 
foreign gram, whereas in certain other countries this same grain was 
regarded as foreign competition calling for the introduction of duties 
to exclude it from local markets 

The Danes are pre-eminent in dairying and stock-raising, and al- 
though Denmark is only one-third as large as New York State it ex- 
ports more butter and eggs than any other country in the world By 
improving the breeds of cattle and methods of feeding them, the 
annual yield of milk per cow has been increased from 3,306 pounds 
in 1881 to 6,600 pounds in 1937, during the same period the average 
production of butterfat was increased from 106 to 242 pounds. 

Closely associated with the dairy industry is the raising of swine. 
Cooperative creameries have large amounts of skimmed milk as a by- 
product, Some of this is made into cheese, but by far the greater part 
is hauled home by the farmers and fed to pigs. Hogs fed on milk, 
barley, and rye make the excellent bacon for which the Denmark 
bacon factories are well known in England. 

Agriculture in Norway The arable soil of Norway is situated in 
comparatively narrow strips, gathered in deep narrow valleys which 
branch into the mountain tahleland and around fiords and lakes. Most 
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of the farms aie small and uregulai in shape owing to the lugged 
relief of the land (Fig 162) The small fields are not adapted to heavy 
and expensive machmeiy such as is used by the Amencan farmer 
Hand laboi is the rule, and the land is intensively cultivated 
The puncipal ciops aie the same as those of Denmaik— pasture, 
hay, rye, barley, wheat, and potatoes Owing to manne influences, 



Fro 162, Use of land in Norway Crop land m Norway is limited to the valleys 
and the lower slopes The land is poorly suited to the use of large-scale ma- 
chinery Most of Norway is rugged highlands unsuitcd for crops (Courtesy 
National Travel Association of Norway) 

most of these crops aie grown successfully north of the Arctic Cucle, 
and some of them extend to 69 ° N (Fig 161). It is not expected, how- 
ever, that m a country extending through 900 miles of latitude these 
crops would do equally well in all parts The country has about 10 
acres of arable land for every inhabitant, but about two-thirds of this 
acreage is in pasture and hay, and most of the remainder is in small 
grains and potatoes (Fig 164) The importance of pasture and hay is 
further indicated by the size of the livestock industry the country 
supports more than 1,000,000 cattle, 1,500,000 sheep, and 250,000 goats, 
the goats being most numerous in the far north where pasture is poor 





Fig 164 Contrast the acreage given to hay in Norway, where the feeding season 
is long, with that of Ireland, where cattle graze throughout the year. Several 
million acres are pastured in Norway but much of it is poor forest land and 
is not shown m the graph, {Statesman's Yearbook, 1946, p. 1131 ) 
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SALMON FISHERIES OF NORTHWEST NORTH AMERICA 

The early histoiy of Oiegon, Washington, British Columbia, and 
Alaska is inseparably associated with the fur tiade and fisheries of this 
legion It was in the wake of the tiappei and fui tiadei that the 



Fig 165 Hauling in the semes on the Columbia River It is an easy matter to 
catch salmon as they go up the river to spawn Unless the salmon is protected 
by law, extinction is the inevitable result (Courtesy Portland Chamber of Com- 
merce. Arthur M. Prentiss, photographer) 

English and Amencan pioneers advanced across the continent to the 
Pacific; and it was the search for valuable seal skins which attracted 
ships fiom all parts of the world to this coast. This search for fur 
led to the exploration of the entire region at little expense to the 
nations involved It is doubtful, however, that this trade could have 
attained its far-famed importance without the aid of the fisheries, which 
have long since become vastly more important than the fur industry. 

There is no place where conditions are more ideal for the develop- 
ment of fisheries than the Pacific Coast north of California, at the 
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Conservation of Salmon Industry. By 1920, American statesmen 
began to recognize the urgent need for conservation of the salmon 
industry Finally, in 1924, after three years of controversy, Congress 
passed a bill placing the management of Alaskan fisheries under the 
control of the Secretaiy of Commerce The most important feature 
of this bill provided that at least 50 per cent of the salmon entering a 
stream must be permitted to escape the fishermen’s nets and reach the 
spawning grounds In 1937, a treaty was ratified by Canada and the 
United States which has helped to pieserve the salmon industry of 
the Fraser River 

In recent years, the dams built on the Columbia River and its tribu- 
taries have created senous problems for the salmon industry Fish 
ladders have been built around these dams to permit passage of the 
salmon to the spawning grounds Fish are also caught below' the 
350-foot Grand Coulee Dam and hauled in tank cars to the stream 
above the dam On the whole the gains made in conserving the 
salmon industry have exceeded the losses As a result of conservation 
measures established within the United States and Alaska, the salmon 
runs have been inci easing in many streams, and an increased catch has 
been permitted In 1936, the canned salmon output of the United 
States reached an all-nme high of almost 9,000,000 cases of 48 pounds 
each Since then catches have been somewhat smaller 

The salmon is still the most valuable of the North American fish 
In 1946 the salmon catch exceeded 447,000,000 pounds, and the canned 
salmon was valued at $211,000,000 

"months to three years, defending upon the species They then make 
their trip to the ocean where they remain in salt water for periods 
ranging from two to six years. Where they go no man knows 

When life is about spent, the adult salmon returns again to the spot 
where life began and there spawns and dies This peculiarity has two 
inevitable results- First, the fish are easily caught in nets as they return 
to their birthplace to spawn; and secondly, since each stream is visited 
only by the fish hatched in it, that stream ceases to be a salmon run if 
all the ascending fish are caught and propagation prevented No other 
salmon will visit it until it is restocked artificially. 

Decline of West Coast Salmon Runs. Salmon canning began in 
central California in 1864. The runs were large, and in the early 
eighties more than 200,000 cases were packed annually on the Sacra- 
mento River alone. Thereafter, the runs declined steadily and finally 
disappeared. 
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SALMON FISHERIES OF NORTHWEST NORTH AMERICA 

The eaily histoiy of Oregon, Washington, Batish Columbia, and 
Alaska is insepaiably associated with the fur tiade and fishenes of this 
region It was in the wake of the tiappei and fui tiader that the 



Fig 166 Canned salmon ready for the market From 200,000,000 to 500,000,000 
pounds are canned on the west coast of North America each year (Courtesy 
Portland Chamber of Commerce, Arthur M Prentiss, photographer ) 


One of the most serious declines of the salmon industry occurred on 
the Columbia River Overfishing, the diversion of irrigation waters 
and also of fish onto dry land, and the building of dams have all played 
a part m injuring the fishing industry of the largest of all salmon 
streams (Fig 166) 

A study of the salmon industry in othei paits of western North 
America leveals the same story of destruction In practically every 
stream flowing into the Pacific Ocean fiom San Francisco to the Arctic 
Ocean, the salmon industry rose for a time and then declined Thus, 
by 1920, the North American salmon industry was threatened with 
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Conservation of Salmon Industry By 1920, American statesmen 
began to recognize the uigent need for conservation of the salmon 
industry Finally, in 1924, after three years of controversy, Congress 
passed a bill placing the management of Alaskan fisheries under the 
control of the Secretary of Commerce The most important feature 
of this bill provided that at least 50 per cent of the salmon entering a 
stream must be permitted to escape the fishermen’s nets and reach the 
spawning grounds In 1937, a treaty was ratified by Canada and the 
United States which has helped to preserve the salmon industry of 
the Fraser Rivei 

In recent years, the dams built on the Columbia River and its tribu- 
taries have cieated serious problems for the salmon industry Fish 
ladders have been built around these dams to permit passage of the 
salmon to the spawning grounds Fish are also caught below the 
350-foot Grand Coulee Dam and hauled in tank cars to the stream 
above the dam On the whole the gains made in conserving the 
salmon industry have exceeded the losses As a result of conservation 
measures established within the United States and Alaska, the salmon 
runs have been increasing in many streams, and an increased catch has 
been permitted In 1936, the canned salmon output of the United 
States reached an all-time high of almost 9,000,000 cases of 48 pounds 
each Since then catches have been somewhat smaller 
The salmon is still the most valuable of the North American fish 
In 1946 the salmon catch exceeded 447,000,000 pounds, and the canned 
salmon was valued at $211,000,000. 
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Chapter 12 


THE HUMID CONTINENTAL CLIMATE 
WITH LONG SUMMERS 


Extending northward from subtropical and semi-arid regions to the 
northern coniferous forests of North America and Eurasia, the humid 
continental types of climate are confined to the northern hemisphere. 
These regions comprise some of the most extensive areas of good agri- 
cultural land to be found anywhere, and here also manufacturing, 
mining, and commercial activities have reached their maximum de- 
velopment The black prairies of the United States with their rich- 
ness manifested m luxuriant stands and abundant yields of corn and 
various other crops, the black soils of the wheat belt of the USSR 
covered by thousands of square miles of waving gram, some of the 
most important spring-wheat regions of the world, the largest dairy 
section of our own country— these are among the important agri- 
cultural regions of tills climatic realm 
The humid continental climate may be subdivided into three types. 
(1) humid continental with long summers, (2) humid continental with 
short summers (Chapter 13) and (3) the modified humid continental 
(Chapter 14) All three types are found in North America and Asia, 
but only the first two occui in Europe. 

LOCATION 

In North America this climatic type extends southward to the 
boundary of the cotton belt and stretches m an east-west direction 
from the Atlantic on the east to the Great Plains on the west. It is 
bounded on the north by the humid continental climate with short 
summers and the modified humid continental climate In Europe it 
embraces the Po Valley, the middle and lower parts of the Danube 
Basin— especially the fertile plains of Hungary, northern Yugoslavia, 

421 



422 HUMID CONTINENTAL CLIMATE WITH LONG SUMMERS 


and Rumania— and stretches eastward into southern Soviet Russia (Figs 
71 and 167). In eastern Asia it is confined to the Hwang Ho Valley 
and to southern Manchuria (Fig. 129) 

CLIMATE 

A major characteristic of this type of climate is variability, not only 
from season to season but also from day to day This daily variability 



is greater m the com belts of the United States and Europe than in 
the monsoon region of Asia In the first two areas, days of bright 
sunny weather may be followed by days of cloudy and muggy 
weather, days of heat may be followed by days of relatively cool 
weather 

Another major characteristic of this type of climate is the summer 
maximum of precipitation The heaviest precipitation comes during 
the season of greatest heat and of maximum plant growth In this 
respect the humid continental climate with long summers contrasts 
strikingly with regions of Mediterranean climates The summer maxi- 
mum is most pronounced in the humid continental climate of Asia 
where the ram comes with the summer monsoons Thus m Peiping 
(Peking), China, about 94 per cent of the precipitation occurs during 
the summer half-year (Fig, 168). On the other hand, in the humid 




CLIMATE 


423 


continental climate at Indianapolis, Indiana, only 53 per cent of the 
precipitation comes during that period 
In the humid continental climate with long summers, the summer 
temperatures are usually high and may indeed be higher than those 
of the rainy low latitudes But in general the sensible temperatures are 
lower than those of the latter areas because of lower relative humidity 



Fig 168 Climatic graph of Peiping (Peking), China 

On the other hand, the winters are severe. For days and even weeks 
at a time the temperatures may go as low as those of the frigid north 
Thus regions with this climatic type have a moderately high seasonal 
and monthly range in temperature, which— owing to the influence of 
the monsoon— is most pronounced in the corn-belt climate of Asia 
In Peiping, China (39° 55' N), the average temperature range from 
the coldest to the warmest month is 55 3° F , whereas m Indianapolis, 
Indiana (41° 39' N), it is 45.7° F, and m Budapest, Hungary (47° 
30' N), it is 39.7° F. The greatest temperature range at Peiping as 
compared with that at Budapest is the more striking when it is con- 
sidered that Peiping is more than 500 miles nearer the equator. 
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The aveiage frost-free season of this type of climate is from five 
to six months, which is too shoit for the production of nee 01 cotton, 
but it is long enough for the growth of corn, sorghums, grasses, and 
small grams. The length of the frost-free period vanes with latitude 
and altitude. A maiked variation is sometimes found within a rela- 
tively small area of land Thus in the Ohio Valley, the frost-fiee 
period of some bottom lands is only 173 days, wheieas steep slopes 
adjacent to such lands have more than 190 days 
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Fie 169 The main forest regions of the United States The com-belt climatic 
region had a cover of hardwood forest in the East and prairies in. the West 


NATIVE VEGETATION 

The native vegetation of this type of climate consists chiefly of hard- 
wood forests containing such trees as the oak, hickory, and maple, 
but in the drier sections these give way to open grasslands, as, for 
example, m the western part of the North American corn belt Here 
the first permanent settlers utilized the forest rather than the more 
easily cultivated grasslands, since they believed that land lacking for- 
ests was infertile 

In North America, the central forest originally covered about 280,- 
000,000 acres of land and contamed a stand of timber that was esti- 
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mated at approximately 1,400 billion board feet (Fig 169) But this 
large timber reserve has been exploited to such an extent that only 
14,000,000 acres of saw timber remain Large amounts of valuable 
wood were wasted m the process of clearing the land Even at the 
present time, timbei cut exceeds timber growth by a considerable 
margin 

In the hardwood forest of Rumania, however, the annual forest 
growth exceeds the cut These forests have an annual yield capacity 
of about 380,000,000 cubic feet, whereas only 282,000,000 cubic feet 
are required for domestic use This would leave a considerable amount 
for export if the forests were utilized to their full capacity Even 
under the piesent backward conditions of forestry Rumania normally 
exports timber Some of it is sent by rail to Germany, Switzerland, 
France, and the Netherlands; but a much larger amount of the bettei 
grade of timber is shipped via Galati or Odessa to the timber-denuded 
Mediterranean countries and to the Orient. 

Forests at one time covered a part of this climatic region of Asia, 
but most of these forests have been cut long since m order that the 
land may be cultivated to feed the teeming millions Thus in the 
densely populated areas of North China the land has been depleted 
of its forests, and a large part of the remaining timber is found in 
areas that aie difficult of access In Hopeh, one of the provinces of 
North China, only 4 per cent of the land is in forests 

SOILS 

In those humid continental areas where grass is the chief type of 
native vegetation, the dark-colored prairie soils predominate The 
upper or A horizon of the prairie soil is dark brown to nearly black 
in color Beneath it lies a well-oxidized subsoil or B honzon These 
are among the best soils in the United States, especially for the pro- 
duction of com and oats They differ from the chernozem group of 
soils in having a slightly lighter color in the upper horizon. They 
also differ in the absence of a zone of lime accumulation They are 
relatively more fertile than the yellow and red-colored soils of the 
cotton belt mainly because of development m regions of lesser pre- 
cipitation and in areas of native grasses, and because of the longer 
period during which these soils are frozen Hence relatively less 
leaching takes place. 

In the more humid parts of these climatic regions the brownerths 
and the gray-brownerths predominate. These are somewhat less dur- 
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able than the prairie soils. There are, however, some highly produc- 
tive types of soil among these groups, especially where the parent 
material has been derived from limestone 

In the Hwang Ho Valley, soils made from wind-blown material 
called loess are widely distributed The location of this region has 
favored loess deposition The outward-blowing winds, especially 
during the winter half-year, and the relatively dry conditions of the 
continental interior to the west of the Hwang Ho Valley are favorable 
to the transportation of soil from arid and semi-arid Mongolia Winds 
from the east are moist, hence they hold the soil particles and thereby 
check the movement of these soils back to their original source. 

Loess is intermediate in texture between clay and sand and gen- 
erally weathers into a fertile agricultural soil However, it does not 
make a good soil for rice production because of its porosity An- 
other marked characteristic of the loess is its yellow color, and the 
vast quantity of this soil washed into the Hwang Ho gives the nvei 
its color (Hwang Ho is Chinese for Yellow River) In the hills of 
the western part of the Hwang Ho Valley earth dwellings have been 
excavated m the loess— an environmental advantage in a region gen- 
erally lacking in timber 


AGRICULTURE 

The cultural landscape varies materially from one region of the 
humid continental climate with short summers to another The North 
American com belt with its laige farm buildings, rectangular fields, 
and large modern machinery contrasts strikingly with the small ir- 
regular fields, the small agricultural buildings, and the general paucity 
of modern machinery found m Rumania, Hungary, and southern 
USSR Even more pronounced are the contrasts between these re- 
gions and the humid continental region of Asia, where the cultural 
landscape reflects a preponderance of spade and hoe cultivation, in 
contrast to the use of large-scale machinery in the American corn belt 

Although the physical environment of these several climatic regions 
permits the production of the same types of crops (com, hay, wheat, 
beans, oats, barley, sorghums, and millet are common to all), the rela- 
tive importance of. each crop varies from region to region Com and 
wheat are the chief cereals of the North American region where the 
humid continental climate with long summers prevails However 
tobacco, hay, vegetables, and fruit crops are important In fact this 
type of climate is well suited to diversified agriculture Corn, wheat, 
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and rice are important in the Po Valley, while around Milan (Milano) 
the mulberry thrives and sericulture represents an old industry The 
Danubian Plain of Hungary and Yugoslavia has been called the wheat, 
wine, and fruit region, the lower Danube Valiev is a corn and wheat 
region (Fig 137) 1 In North China and in southern Manchuria the 
grain sorghum (kaoliang), soybeans, and wheat are more important 
than corn (Fig 129) 

The North American Region 

In North America two major agricultural regions occupy the greater 
part of this climatic region (Figs 167 and 170) 2 The southernmost 
of these is the corn and winter-wheat belt, sometimes called the “mid- 
dle country,”' a transition zone between southern and northern agri- 
culture North of this region lies the corn belt, an agricultural region 
which produces more feed for livestock and more meat for man 
than any other area of equal size in the world 

In both these regions com is the chief crop, but the secondary 
crops differ In the com and winter-wheat belt, com occupies ap- 
proximately one-third of the crop land, whereas m the corn belt more 
than two-fifths of the cultivated land is given to this crop In the 
corn belt, moreover, approximately 60 per cent of the land is culti- 
vated, whereas only 32 per cent of the com and winter-wheat belt is 
devoted to crops This smaller percentage of cultivated land m the 
southern region is due mainly to the large areas of rugged topography, 
such as the Ozark highlands of Missouri and the Appalachian high- 
lands of Kentucky, Tennessee, North Carolina, and Virginia In 
these rugged areas a large part of the land is in forest In fact, 40 
per cent of the total area of the com and winter-wheat belt is devoted 
to forests, whereas only 8 per cent of the com belt is forest covered 

In addition to corn, both regions produce wheat, hay, and oats 
Special crops such as fruit, tobacco, and vegetables, however, are rela- 
tively more important as special enterprises in the corn and winter- 
wheat belt. In fact, about 70 per cent of the tobacco produced in the 
United States is grown in this region 3 The chief centers of produc- 

1 George Kiss. “TV A on the Danube,” Geographical Review, April 1947, 
p 298. 

2 The boundaries of belts m regions drawn by different scientists for different 
purposes seldom coincide throughout their extent. 

2 Rewritten by permission from “Agricultural Regions of North America,” by 
O E Balter, Economic Geography , Vol 3, p 320 
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tion are found in western Kentucky and adjacent counties in Tennes- 
see, in the Bluegrass area of Kentucky, and in the Piedmont of North 
Carolina and Virginia (Fig 171). 

The Corn Belt. This agricultural region comprises the most pro- 
ductive part of this humid continental type of climate in North Amer- 



Fig 170 Agricultural regions in eastern United States (After 0 E Baker, with 
modifications by Daniel R Bergsmark, from O E Baker, “Agricultural Regions 
of North America,” Economic Geography, Vol, 3, 1927, p 310) 


ica, and it is indeed the largest continuous body of well-drained, fertile, 
level crop land on that continent It stretches westward from central 
Ohio through the important corn- and hog-producing states of Indiana, 
Illinois, Iowa, and northern Missouri and into southeastern South 
Dakota and eastern Nebraska (Fig 170) Its southern boundary 
marks a transition to the more rugged lands of the com and winter- 
wheat region; along its northern and eastern borders hay and dair y 
products become relatively more important than corn and hogs To 
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Fig 171 Note the intermediate location of America’s leading tobacco-producing 
areas They are located mainly in the humid continental climate with long 
summers (the corn-belt type), whereas rice is a product of semi-tropical areas 
and flax is grown mainly in the humid continental climate with short summers 
(the sprmg-wheat belt type of climate) (U S Department of Agriculture ) 



Fig 172 World distribution of hogs In the Umted States the geographic dis- 
tribution of hogs corresponds closely with that of corn, bat in Europe it coincides 
more nearly with the distribution of potatoes and dairy cows Thus in Denmark 
bacon is one of the major exports (U S Department of Agriculture ) 
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the west the boundary is climatic There precipitation becomes too 
small for profitable corn production, and wheat displaces coin m the 
cropping system. 

Livestock, the most important source of agricultural we\lih 
Corn-belt farming is two-story fanning The lower story consists of 
crops, the upper, of livestock and their products The principal 
source of farm income is from the second group, especially from the 
sale of hogs, poultry and eggs, beef cattle, and daily pioducts In fact, 
three-fourths of the income of the corn-belt farmer is denved from 
livestock products and only one-fourth fiom the sale of crops Hogs 
constitute the most important single source of livestock income, fol- 
lowed m oidei by poultry and eggs, beef cattle, and dairy products 
(Fig 172) 

The distribution of various kinds of livestock is closely related to 
the variations in crop pioduction, climate, and population Thus, in 
general, hogs are numerous where corn is most abundant and cheap- 
est Dairy cattle are densest m the northern and eastern parts of this 
region, chiefly because of proximity to large urban populations, cooler 
climatic conditions, and the relatively great importance of hay and 
pasture Beef cattle are found chiefly in the prairie portions of the 
corn belt, m areas where grasses rather than forests constitute the 
native vegetation 

Cropping sysilms The typical cropping system of the coin belt 
is built around corn, small grain, and clover with timothy Successful 
farmers want all the land in corn that they can care for and still have 
a good cropping system from the standpoint of efficient use of labor 
and of the productivity of the land They devote from one-fourth 
to oae-half of the cultivated land to com, the average foi the corn 
belt being two-fifths. 

A widely practiced, simple rotation consists of corn, small gram, 
and clover In this rotation, com is followed by oats, winter wheat, 
or other small gram that has been seeded to clover The crop of 
clover is cut for hay the third year, and the sod is turned under for 
corn the next year, repeating the rotation In areas where dairying 
is relatively important, especially in the northern and eastern parts 
of the corn belt, the demand for additional hay or pasture often makes 
it desirable to lengthen the rotation Under such conditions timothy 
is generally seeded with the clover, and the succession of crops on 
a given field becomes’ com, one year, small gram, one year, and clover 
with timothy, two years But many farmers living m the corn belt 
want more than one-fourth or one-third of their prop land m corn, 
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which they get either by having two years of corn m succession m 
the rotation or by utilizing a field outside of the regular rotation 
In the northern part of the com belt, oats constitute the most im- 
portant small grain crop in the rotation, winter wheat is relatively more 
important than oats m the southern part of the region The hay crop 
consists chiefly of clover and timothy m the greater part of the corn 
belt, and alfalfa is concentrated chiefly m the western area Because 
of the greater expense of establishing alfalfa and on account of its 



Fig. 173 World corn acreage Each dot represents 100,000 acres 


perennial nature, rotations that include this crop are usually five or 
more years in length, the alfalfa being grown approximately three 
years in succession 

The corn crop. The com belt constitutes the most important corn- 
producing region in the world (Fig 173) Iowa, Illinois, and Nebraska 
normally produce almost two-fifths of the corn that is grown in the 
United States. It is the possibility of converting enormous quantities 
of com into meat, together with the suitability of climate and soil, that 
account for the large acreage of corn in this region Since com is a 
cheap, bulky commodity, it cannot stand high transportation costs, and 
it is therefore utilized mainly on the farms of this region as feed for 
livestock. 

The climatic environment of this region favors production of com 
Here the long growing season of 150 to 180 days permits the produc- 
tion of the large, late-maturing varieties. The beginning of the grow- 
ing season for corn starts when the average day temperatures reach 
approximately 55° F During the growing season, com requires high 
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temperatures both day and night Piactically no corn is grown where 
the mean summer temperatuie is less than 66° F., 01 where the average 
night temperature duung the three summer months (June, July, 
August) falls below 55° F 

Amount of lainfall duung the growing season is another factor of 
major importance m corn production, the yield per acre in any locality 
being influenced both by the amount and by the seasonal distribution 
of the ram. It has been found by studying yields of corn and the 
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Flo 174 The relationship between July rainfall and the yield of com The 
records of precipitation and yields cover the states of Indiana, Illinois, Iowa, and 
Missouri from 1888 to 1921 (U S Department of Agriculture ) 


distribution of rainfall for many years that within the corn belt there 
is a close relationship between rainfall in July and yield of corn In 
general, when the rainfall was above normal for that month corn 
yields were above normal, when the rainfall was below normal the 
com yield was also below normal (Fig. 174) 

There are also disturbing factors that the corn-belt farmer en- 
counters. Thus ceitam types of animal and plant life are frequently 
important factors in reducing yields of corn Of the animal life in- 
jurious to corn, the gopher, grasshopper, chinch bug, the coin-eai 
worm, white grubs, and billbugs cause greatest loss. In many sec- 
tions the corn-ear worm causes a loss of at least 7 per cent of the grain 
on the ears attacked, and chinch bugs cause injury to the com, espe- 
cially during seasons of comparative drought Recently the European 
com borer has increased the problems of the corn-belt farmer First 
appearing in the general region of Lake Erie, the corn borer has spread 
southwestward and is causing great losses on the farms of the com 
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belt. Stringent measures are being taken to prevent the corn borer 
from spreading into umnfested areas 
Small grains. The corn belt holds a prominent place not only m 
the production of com, but also m the production of oats, winter 
wheat, and hay Corn is grown on approximately two-fifths of the 
cultivated land in this region, and most of the remaining crop land is 
almost equally divided among oats, W’heat, and hay In normal years 
this region produces half of the oats grown in the United States, which 



Fig. 175 World oats acreage Each dot represents 100,000 acres (Map plotted 
on Van der Gnnten projection ) 


m fact is the major oat-producing country m the world (Fig. 175). 
Oats constitute the leading small grain crop in the northern part of 
the com belt, and winter wheat in the southern part “The line sepa- 
rating winter wheat from oats follows in a general way that of 53° F 
average winter temperature This division is doubtless owing also m 
part to the fact that in the southern corn belt the com can be gotten 
off the ground in time to seed wheat m the fall, whereas farther north, 
where this cannot be done, it is necessary to use a spring sown crop.” 

Other crops Dover and timothy together constitute the most 
widely grown hay crop in the com belt, especially in the humid east- 
ern part of the region, where proximity to some of America’s largest 
cmes has favored the development of the dairying industry. 

Alfalfa can be grown practically throughout the corn belt, although 
it is not well adapted to the acid soils of the humid part of this region 
The principal difficulty in growing alfalfa is that the first cutting must 
be made just at the time of the first cultivation of the com crop, and 
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the second cutting comes just at the time of wheat and oat harvest. 
These ]abor conflicts constitute a major leason why alfalfa is not a 
moie impoitant hay crop in the coin belt 

The production of soybeans is becoming increasingly more impoi- 
tant in the corn belt In the southern half of the region the farmers 
have long felt the need of some spring crop to occupy the place be- 
tween com and wheat in the rotation It is not satisfactory to sow 
wheat after com unless the coin is cut and shocked, and it is not prac- 
ticable to utilize the corn foddei from such a large acreage as is grown 
here Oats have hitheito been much used for this place in the rota- 
tion, but in this pait of the coin belt oats are an uncertain crop, and 
the yield averages low Thus soybeans appear to be the ideal crop 
to substitute for oats m a system of rotation following corn and pre- 
ceding wheat Beans leave the land in excellent condition for wheat 
without plowing unless it is weedy, and even this difficulty can be 
overcome by planting the beans in rows and cultivating them a few 
tunes Moreover, since the crop is a legume, it adds considerable 
nitrogen to the soil for the wheat ciop that follows Soybeans after 
corn and preceding wheat also assist in controlling scab, which is due 
to a fungus affecting both corn and wheat 

Farther north where oats are a logical small gram crop, soybeans 
are often planted with the com This practice is particularly ad- 
vantageous on farms where corn is “hogged off ” The soybean crop 
may also be fed as hay, being a splendid substitute for alfalfa When 
ground the beans may seive as a concentrated feed for hogs and cattle 

The European and Asiatic Regions 

The European belt of humid continental climate with long summers 
extends from the Po Valley of northern Italy eastward almost to the 
Caspian Sea (Fig. 137) Hungary and Rumania constitute the most 
important corn-producing area of Europe. The agriculture of these 
countries is somewhat similar to that of the corn belt of North Amer- 
ica in that com and wheat are the most important crops These Euro- 
pean countries receive less precipitation than the central or best part 
of the American region, being similar climatically to the drier western 
part of our corn belt. 

In Rumania more than three-fourths of the people are engaged in 
agriculture, chiefly in the production of corn and wheat Forty-five 
per cent of the land is under cultivation, and com is the most widely 
cultivated crop No other country m Europe and only two coun- 
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tries in the world, the United States and Argentina, produce more com 
than Rumania Wheat, barley, rye, and forage crops rank next to 
corn in acreage The wheat is grown largely for export, since the 
staple food of the peasants is com 4 In a normal year, however, the 
corn and wheat production of Rumania is only as large as that of 
Kansas. 



I ig 17<5 Climatic regions and crop distribution of the USSR The boundaries 
of the climatic regions and the distribution of the crops as indicated here are 
intended ro give a very general picture Regions (I) tundra, (II) northern 
coniferous forest, (III) humid continental with short summers, (IV) and and 
semi-arid region of middle latitude, (V) humid continental with long summers 
Mountainous areas are not indicated Rivers {A) Dnieper, (B) Don, (C) Volga 
(D) Dvina, (E) Ob, (F) Yenisei, (G) Lena 

Hungary, a country of 35,800 square miles, is smaller than Ohio 
Most of its land constitutes an extensive plain, once the floor of an 
inland sea This lowland, which also includes part of northern Yugo- 
slavia, is the most productive agricultural area of Europe and is given 
primarily to wheat, corn, grapes, fruit, and tobacco. Much of the 
wheat is ground into flour at Budapest which is sometimes called the 
“Minneapolis of Europe ” 

The TJ.S.S R In the U.S S.R. most of the area that has the humid 
continental climate with long summers lies on the drier margin of 
this climatic belt Consequently, crops more drought-resisting than 
corn, such as wheat, barley, and sunflowers, occupy much of the 
cultivated land Also, in the area that lies between the Black and 

‘Olaf Jonasson, “Agricultural Regions of Europe,” Economic Geography, 
Vol. 1, January 192fi, p 322 
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Caspian seas, the sugar beet is an important crop The USSR has 
only a small area of cultivable land that possesses sufficiently mild 
climate for many types of deciduous fruits and grapes. These crops 
are accordingly grown in areas where the climate is only moderately 
well suited to them The most important apple-growing region of 
the USSR is situated in the “Russian coin belt” mostly north and 
west of the Black Sea Most of the Russian grape crop is grown on 
the drier margin of the humid continental climate with long summers 
or within neighboring parts of the semi-arid region that borders it on 
the south (Fig 176) 

North China and South Manchuria North China and southern 
Manchuria, like their climatic counterparts m North America and 
Europe, are important agricultural areas, more than three-fourths of 
their inhabitants being directly dependent upon agriculture These 
areas, however, produce relatively little Indian corn, but wheat, millets, 
beans, and grain sorghums, especially kaoliang, are widely cultivated 
Climatically, these Asiatic areas are similar to the western drier part 
of the American corn belt 

In the North China plain (Yellow Plain) much of the soil is made 
from loess and does not encourage rice production (Fig 129). Here 
the climate is too dry (24 inches at Peiping) and cool, and irrigation 
ditches are easily choked by the fine-textured loess soil The loess 
uplands situated farther inland are even drier and have shorter frost- 
free seasons than the North China plain. These two regions, however, 
produce much of China’s wheat, gram sorghums, and millets. In some 
districts more than three-fourths of the cultivated land is given to 
these three crops. Thus the winter-wheat acreage alone constitutes as 
much as 70 per cent of the cultivated land in parts of southern Shansi 
In the drier northern parts of this province, millet is relatively more 
important than wheat. In those areas it makes up about 60 per cent 
of the cultivated crops, kaoliang 15 per cent, and oats, beans, peas, 
potatoes, and spring wheat the other 25 per cent. 

The gram sorghum, kaoliang, is well suited to the environmental 
conditions of North China, where large areas are frequently visited not 
only by droughts but also by floods It suffers much less than corn 
during seasons of drought, and it is able to withstand considerable 
flood water, whereas com is quickly injured or ruined by standing 
water Thus kaoliang takes the place of com as a major large grain 
crop in the agricultural economy of North China 

Famines In North China precipitation decreases in amount and 
becomes more enatic in occurrence with distance inland, and famines 



REFERENCES 


437 


of varying magnitude have occurred repeatedly, according to the 
history of tins area Not only erratic climatic conditions but also 
other factors have caused famines in North China Among the major 
factors are (1) the high ratio of population to the average produc- 
tivity of the land, which permits little or no surplus for famine years, 
(2) the lack of good transportation facilities, which prevents an af- 
fected region from being supplied from remote districts, (3) wide- 
spread floods, (4) frequent and prolonged droughts, and (5) brigand- 
age and incessant warfare between local military factions 
South Manchuria. Like North China, south Manchuria produces 
millets, sorghums, and wheat. But the crop which gives the region 
its distinctive characteristic is the soybean Today Manchuria is 
“the soybean empire of the world,” normally producing more than 
100 million bushels a year When the soybeans of China are added 
to those of Manchuria the total amount constitutes approximately 80 
per cent of the world’s production 8 
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Chapter IS 


THE HUMID CONTINENTAL CLIMATE 
WITH SHORT SUMMERS 


LOCATION 

This type of climate is situated to the poleward of the regions 
having the humid continental climate with long summers In North 



Fig 177 The regions that have this type of climate occupy the poleward margins 
of the great agricultural areas of the northern hemisphere 


America it spans the gap between the humid continental climate with 
long summers and the northern coniferous forest, and it includes both 
the spring-wheat belt and the northern hay and dairy region (Fig. 
177). In Europe it stretches m a long east-west belt and includes the 
most important gram-producing areas of that continent. In eastern 
Asia it practically coincides with northern and central Manchuria 
(Fig. 177). 
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CLIMATE 

This climate, like that of the humid continental type of climate with 
long summers, is characterized by irregularity of weather conditions 
and by a summer maximum of precipitation It differs from the latter 
type of climate in having lower average annual temperatures, lighter 
precipitation, and a shorter growing season 

The growing season of the humid continental climate with short 
summers lasts from four to five months It is, therefore, too short for 
the production of late-maturing varieties of com and m general for 
the production of corn for its grain content But large quantities of 
corn are grown for silage The growing season is also generally too 
short for the planting of w heat after com harvest, and the winters 
are too severe for this crop Spring wheat and other spring-sown 
grains are therefore relatively more important than they are m regions 
situated farther south Winter precipitation is chiefly in the form of 
snow This has been an advantage m forested areas where the lumber- 
ing industry has developed 


NATIVE VEGETATION 

The native vegetation is directly related to precipitation, varying 
from grasses m the drier areas to mixed coniferous and deciduous for- 
ests in areas with more abundant precipitation Thus ra this climatic 
belt of North America the forests give way on the west to grasslands 
In Europe the native grasses are found southeast of the forested areas, 
and in Manchuria forests give way on the west to the grasslands that 
extend far into the semi-arid districts of Mongolia. In all these areas 
forests occupy the parts with most abundant precipitation, that is, areas 
characterized by a wetter phase of this type of climate 

FOREST EXPLOITATION 

The environment of the northern parts of this climatic realm is 
well suited to timber exploitation. The fall of snow is heavy, and it 
covers the ground for a relatively long time owing to the protracted 
period of winter cold. In the upper lake states of North America, 
where forest exploitation has been most marked, snow frequently 
comes m November and lasts until March, thereby affording a surface 
for the "skidding’' of logs through the woods to favorable “landings” 
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and for hauling the forest products to various logging centers More- 
over, the winter cold of these northern areas is sufficient to freeze 
the swamps and soggy lowlands, so that man may go into them and 
obtain cedar for posts, tamarack foi logs and pulpwood, black ash for 
barrel staves, and spruce for pulp and paper. 

In North America, timber exploitation has gone on with tremendous 
speed, and indeed some aieas have been completely denuded of their 



Fig, 178 Burned-over area in Michigan There is not only a loss of timber, but 
frequently topsoil is also almost completely ruined 


foiests, At best it has been a piocess of timber mining, with little 
thought of the conservation of such a valuable resource (Fig 178) 
A comparison of the original and present-day reserves tells a sad story. 
The original northern forest of the United States covered about 150,- 
000,000 acres of land and contained about 1,000 billion board feet of 
timber, of which less than 15,000,000 acres of saw timber remain 

Although this region is no longer the leading producer of lumber, 
the sawmill industry having passed to the South and the West, it 
still is an important source of pulpwood Many of the small, second- 
growth hemlocks, spruces, and fir trees are better suited for pulpwood 
than for lumber Many pulp and paper mills are now located m this 
area, especially in northern Michigan, Wisconsin, and Minnesota. 

The forests of the former Poland, eastern Germany, and the south 
central Soviet Union 1 constitute the counterpart of the forests of 

1 South of the northern coniferous forest 
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northeastern United States. The mixed coniferous and deciduous char- 
acter of these European forests is reflected in the preponderance of 
such trees as pine, spruce, larch, fir, oak, basswood, and beech 

The annual timber cut in sections of the U S S.R , in contrast to 
that of the United States, is much less than the annual growth This 
is due mainly to the fact that many of the more extensive forests of 
the USSR are found in undeveloped regions that are remote from 
means of transportation. 

From the standpoint of present-day exploitation, the forests of the 
humid continental regions of Asia are among the most important of 
that continent. Large forests of virgin timber are found m Man- 
churia, including stands of fir, aspen, elm, oak, birch, pme, spruce, 
poplar, and larch These attest the mixed character of the forests 
found m this humid continental type of climate The development 
of highway and lailroad transportation within Manchuria will bring 
a further development of lumbering activities, since most of these for- 
ests are accessible and the lumber will find a large market in the 
densely populated areas of the Far East As a result of the develop- 
ment of the match industry in Japan, large quantities of poplar have 
been exported from Manchuria to be used as match-stick material 


AGRICULTURE 

Agriculture is the dominant activity and the chief source of wealth 
of this climatic realm. No climatic region is more important in the 
production of small gram. The most important spring-wheat region 
of the United States, the chief gram-producing areas of Canada, and 
the most extensive grain fields of the U S.S R. are found in this type 
of climate. 

Spring-Sown Hard Wheat More than three-fourths of the spring 
wheat of the world is produced within this climate (Fig. 179). Three 
of the major regions-central and northern Manchuria, southeastern 
European USSR and adjacent southwestern Siberia, and the region 
in north central North America that extends through western Min- 
nesota and the Dakotas through Manitoba and Saskatchewan-grow 
sprmg-sown hard wheat almost exclusively In general, these regions 
extend from areas where com and winter wheat may be grown, or 
where the isotherm of summer is 70° F„ northward to areas where the 
average temperatures of the summer months are approximately 58 F 

Relation to climate. In these regions the winters are long and 
cold, and the land receives so little snow that fall-sown seed would be 
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poorly protected, hence wheat is sown in spring (usually March and 
April) rather than during the fall of the year The planting proceeds 
from south to north with the advance of the season In the United 
States this activity usually begins in the Dakotas when the normal 
daily temperature rises to 37° F On the other hand, a crop like corn 
is not planted until the temperature reaches approximately 55° F In- 
deed, wheat may be sown at a lower temperature than any other major 
spring crop 



Fig 179 Major wheat-producing areas of the commercial world, according to 
the Bureau of Agricultural Economics, U S Department of Agriculture Each 
dot represents 100,000 acres 


The quality and chemical composition of wheat depend largely on 
the climate of the region in which this crop is grown Wheat pro- 
duced in the more humid areas has a tendency to be soft and starchy, 
whereas that grown in less humid climates is hard and dark in color. 
But m the major spring-sown hard-wheat regions precipitation is 
usually light and is associated with an abundance of sunny weather 
during harvest, hence the wheat is relatively low m moisture and high 
in gluten content Before the time of modern milling, hard wheat 
brought a lower price in the world market than soft wheat, because of 
the difficulty of milling Prior to 1870 the ancient process of grinding 
wheat between the upper and nether millstone was in Use, which 
turned into middlings 2 much of the precious gluten of the hard wheat 
In 1872 an emigrant French miller named Legroux devised an ap- 

2 The middlings are coarse particles of gram sifted from the fine particles of 
< flour during the process of manufacture. Middlings are used as feed for livestock 
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paratus for purifying middlings Later, Hungarians invented a process 
of nulling hard wheat which disposed of the ancient millstones— a 
process m which the wheat is carried between rolls of smooth and cor- 
rugated surface until the desired fineness is obtained 
Land surface and wheat produgiion Soil and topographic condi- 
tions facilitate wheat production in these humid continental regions 
The soils are largely dark-colored, easily w'orked loams and silt loams 
A large part of the North American region contains fertile lacustrine 
soils of the glacial Lake Agassiz plain of the Red River Valley, whereas 
the fertile chernozem soils of Russia cover the spring-wheat area of 
that country In addition, the level to gently undulating topography 
of these regions favors the use of large agricultural machinery, which 
is necessary in regions occupied by only sparse to moderately abundant 
populations In fact, the local labor is insufficient to meet the demand 
during the harvest season, and there is an influx of laborers from other 
areas— in the North American region, from the winter-w-heat areas 
to the south and the northern dairying region to the east In the 
USSR, however, large machinery is less prevalent, partly because the 
population is relatively more abundant and partly owing to the poverty 
of the people In the area of Manchuria, also, less large machinery is 
used than in the spring-wheat belt of North America 
Injurious animal and plant life Closely related to wheat yields 
is the presence or absence of injurious insects and fungus diseases in 
the wheat regions Severe losses of wheat are caused each year by 
insects Most important of these are the Hessian fly, chinch bug, joint 
worm, grasshopper, and green bug Wheat is also subject to many 
fungus diseases, of which stem rust, leaf rust, stripe rust, bunt or stink- 
ing smut, loose smut, and scab are the most important In severe 
epidemics the losses caused by stem rust alone sometimes amount to 
more than those caused by all the other diseases combined This dis- 
ease has ravaged the spring-wheat region of North America several 
tames with great losses to wheat yields In 1916, this rust destroyed 
approximately 180,000,000 bushels of hard red spring wheat in the 
United States and about 100,000,000 bushels in the prairie provinces of 
Canada The common barberry carries one stage of this rust. Thus 
the U S Department of Agriculture and many north central states 
are now cooperating in a campaign to eradicate this plant ^ 

The spring-wheat belt of North America Normally the winter- 
wheat crop of North America, which varies from less than 600,000,000 
bushels to more than a billion bushels, is somewhat larger than the 
sp ring -wheat production. The spring-wheat crop of this continent 
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is giown primarily in Minnesota, North Dakota, South Dakota, Mon- 
tana, Mamtoba, Saskatchewan, and Alberta This spung-wheat belt 
is probably more completely given to commercial farming than any 
other equally large region m the world Here large-scale mechanized 
farming is at its best On some of the most highly mechanized farms 
less than an hour of human effort is required to take care of each 
acre of wheat Six hundred forty acres of land may be plowed, pre- 
pared foi seeding, sown to wheat, and later harvested, threshed, and 
marketed, all with less than <540 man-hours of work Under such 
conditions wheat may be profitably grown on land that wall yield less 
than 5 bushels pei acre provided the price of wheat is reasonably 
good 

Although wheat is the majoi crop of the spring-wheat region, 
several supplementary ciops are grown. Oats, barley, and lye are 
grown throughout most of the region, while corn, especially for 
ensilage, is grown m the southern border Flax is a cash ciop, and 
potatoes are grown both for local use and for sale 

Because of the mechanization of agriculture, relatively few laborers 
can care for many acres of crops The rural population is therefore 
sparse Urban development has been letarded by the lack of large 
markets for manufactured goods, and also by the high cost of a good 
grade of coal and of many other raw materials 

Spring-wheat belt of Eurasia The largest spring-wheat legion 
in the world is that of Eurasia, mostly in the USSR, the largest 
wheat-producing country m the world The USSR is unfortunately 
situated in high latitudes and possesses relatively few climatic types 
suited to agriculture. 8 This paucity nanowly limits the variety of 
crops that can be grown under optimum conditions. Therefoie, m 
order to grow as great a variety of crops at home as possible, the 
US.SR. is growing various crops in climatic belts that are poorly 
suited to them Thus many kinds of crops aie grown in her spring- 
wheat belt Wheat, rye, barley, oats, flax, sunflowers, millet, sugar 
beets, potatoes, dairy products, vegetables, and even deciduous fruits 
are cultivated Some of these crops are poorly suited to the humid 
continental climate with short summers. 

Before World War II, the U.S.SR. possessed many million acres 
of land located on the drier margin of the spring-wheat belt, espe- 
cially east of the Ural Mountains, that had never been plowed. Much 

8 Turn to Fig 71 and note the number pf climatic zones suited to agriculture 
in the U.S-S.R, compared to the number m the United States 
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of this land could be expected to yield normally less than 10 bushels 
of wheat to the acre. Such land cannot be profitably given to wheat 
except by use of efficient machinery As soon as the USSR be- 
comes efficient in the use of large-scale machinery, her wheat acreage 
may be expanded materially. A large part of the spring-wheat region 
that lies east of the Ural Mountains has never been cultivated as indi- 
cated by a comparison of Figs. 176 and 179 
Diversified agriculture desirable in the spring-wheat belt 
Over large parts of the several spring-wheat regions, wheat has been 
grown year after year on the same land Growing wheat continuously 
results on depleted fertility and poor physical conditions of the soil, 
inci eased weed growth and accumulation of destructive plant diseases 
in the soil, lowered yields, and poor quality of grain. In the spring- 
wheat regions of European USSR and central Manchuria, crop rota- 
tions are common On the other hand, in the spring-wheat sections 
of northern Manchuria, Siberia, and the United States, crop rotations 
have been little practiced In the more densely peopled southeastern 
part of the spung-wheat region of the United States, crop rotation and 
the raising of livestock aie taking their place in the agricultural econ- 
omy of the area. Local conditions determine the rotation and the 
crops chosen for it A good crop rotation for areas with a sufficiently 
humid climate should include a legume and a cultivated crop Culti- 
vation keeps weeds in check and has a beneficial effect upon the soil, 
and it is a common practice not to plow the land after a cultivated 
ciop, thus reducing the cost of sowing wheat. The legumes add 
nitrogen as well as humus to the soil, but, where the climate is too 
dry, difficulty is experienced in growing legumes and in rotting them 
m the soil m preparation for other crops. 

The future of spring-wheat production looks promising. Expansion 
of wheat acreage may take place in all three of those major areas, 
especially in Siberia, in which one will find a large potential reserve 
of land well suited to wheat. Production can and will be increased 
whenever improved mechanization of agriculture and the price of 
wheat make such increases profitable. 

Rye. Rye is one of the most adaptable of small grain crops, which 
accounts for its popularity in many parts of the earth, chiefly m the 
northern hemisphere. The world production of rye, however, is not 
so great as that of wheat, averaging about 1 8 billion bushels per annum 
in recent years, whereas wheat averages about 4 billion bushels 

Distribution of the rye crop A world map of rye output shows 
that Europe is the leading producer. There it is grown in two major 
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areas— the sandy plains of Prussia, and north of the wheat belt of the 
USSR Before World War I, the USSR produced more than one- 
half of the world crop of rye, 4 and she still holds the leading place as a 
world producer B Germany normally grows 2 50 to 300 million bushels 
annually. A part of the rye area of Germany is m the marine climatic 
region of northwest Europe, whereas the eastern part is located m 
the humid continental climate with short summers The lye region 
of European Russia also is located in the humid continental climatic 
region 

In the United States, on the other hand, rye is comparatively un- 
important, forming m recent years less than 1 per cent of the total 
value of the twenty principal crops The people of the United States 
have a decided preference for bread made from wheat flour This, no 
doubt, is due in part to the greater palatability of wheat bread, at least 
according to our standards, and in part to the fact that wheat flour 
can be worked up more easily and produces more attractive bread, 
cake, and pastry As the preference of the American people is not 
in favor of rye food products, their production of rye is limited, being 
only about 5 or <5 per cent that of wheat 
Rye production as related to soil and land surface Although 
rye has been called “the gram of poverty” because it will grow on 
soil too poor for the successful production of wheat, com, or barley, 
it thrives best on fertile soils The rye soil of European USSR is 
in part the fertile chernozem found in the wheat belt, and m part forest 
soil. Moreover, in two of the principal centers of production of 
North America— southeastern Michigan and North Dakota— it com- 
petes successfully with other crops for the occupancy of the best soils 
Most agricultural experts agree that, of non-legume crops for sandy 
soils, rye is probably the best 0 It grows as well on acid as on non- 
acid soil and is much better adapted to sand than wheat, oats, or 
barley The rye acreage of western Michigan, Wisconsin, and Min- 
nesota is densest in areas of sandy and sandy loam soils 
The chief rye-producing regions of the world are extensive plains 
areas Hence topography favors the use of large machinery in the 
production of this crop In Europe, however, large machines are not 
so common as in the United States. 

4 Yearbook of Agriculture , U S Department of Agriculture, 1922, p. 501 
* Foreign Crops and Markets, No 13, 1928, p 402 

9 A R Whitson and H W Ullsperger, “Sandy Soils and How to Farm Them,” 
Bulletin 299, Agricultural Experiment Station, Madison, Wisconsin 
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In the United States rye is commonly giown m the rotation after 
a cultivated crop It is frequently seeded at the time of the last culti- 
vation of corn or at the time of potato harvest, in other cases the com 
field is disked after harvesting and rye is planted These methods 
give fairly good results, but it is advisable to prepare the land as for 
other crops to secure a large yield Moreover, disking or rolling fall- 
sown rye in the spring has materially increased the yield in rye-pro- 
ducing districts of the United States 

Influence of insects and diseases on rye crop. Rye is compara- 
tively free from damage by insects It is, however, subject to occa- 
sional infestation by the Hessian fly and joint worm, and to the inroads 
of grasshoppeis and plant lice 

The only disease that causes serious damage is ergot The black 
bodies which are sometimes found in the gram, or that come out m 
the head where the kernels should be, are ergot bodies When planted 
with the gram, these bodies grow and cause further infection Ergot 
must be carefully watched m milling or the flour will be of poor 
quality. If much ergot is present, the flour will be poisonous 

Future of rye production Although there are vast tracts of land 
into which rye production may be extended, this crop will not realize 
any material mcrease m acreage. In the United States, expansion of 
rye production has been most rapid in the spring-wheat belt The 
risk of growing rye is generally somewhat less than it is with wheat 
Rust and hot weather do not affect it so unfavorably, and the Hessian 
fly and other insect pests are not so likely to cause damage. Thus in 
recent years rye lias become an important competitor of spring wheat, 
and a spring-wheat state (North Dakota) is the leading rye producer 
of the United States 

With plentiful supplies of wheat, the consumption of rye products 
is not likely to be largely increased m this country. Our own present 
domestic use of rye is Father narrowly limited Rye grain is not espe- 
cially desirable as a feed for livestock, although some of it is fed 
The increase in rye production in the United States since 1912 has 
been due m great part to the enlarged foreign demand of rye-consum- 
mg Europe Moreover, the production of rye would probably de- 
crease very materially in some sections of the United States were it 
not for the value of the straw In eastern New York, New Jersey, 
and Pennsylvania the straw is often as valuable as the gram Rye 
straw, being longer and tougher than wheat or oat straw, is in demand 
as bedding for horses, and is also used in packing fruit trees, pottery, 
and many other products 
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As a feed for stock, rye is not on equal teims with such grains as 
oats, barley, wheat, and corn When fed alone or m large amounts, 
rye is likely to cause digestive disturbances As a feed for swine, rye 
meal ranks a little below cornmeal Cows that eat large amounts of 
rye produce a hard, compaiatively dry butter Care must be exer- 
cised in feeding rye to horses, as colic is likely to lesult These factors 
in part explain why rye will probably not realize any matenal expan- 
sion in the near future. From an agricultural standpoint it is unfor- 



Fig 180 World potato acreage Each dot represents 25,000 acres 


tunate that local demands for rye are not larger. There is much land 
on which it can be grown to advantage, in fact to better advantage 
than wheat 

The Potato Crop. Although the potato is indigenous to the New 
World, it has, like com, spread far from its original home, and at 
present this crop is widely distributed (Fig 180). But a world map 
showing the potato acieage indicates that the largest potato-producing 
areas are concentrated mainly in a few major regions and almost en- 
tirely in the northern hemisphere. Of all these regions, that of Europe 
is most important. This area extends in the form of a large east-west 
trending belt from Prussia into the U.S.S.R. The western part of 
this region has a marine climate, but the larger part lies in the belt 
of the humid continental climate with short summers The region 
of greatest potato production practically coincides with the area of 
maximum oats, rye, and flax production. 

Relation of potato production to climate It is m part because 
of their relatively low summer temperatures that the world’s major 
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potato-producing regions practically coincide with the northern and 
central parts of the humid continental types of climate The potato 
crop yields best where the temperature of summer does not average 
much more than 65° F, but the growing season must be more than 
100 days in length 

Relation ro soil and land surface. The potato thrives best on a 
deep, cool, fertile sandy loam Such soil encourages maximum ex- 
pansion of tubers and the development of potatoes that are high m 
quality In general, this crop yields best on soils well supplied with 
potash Thus frequently even peat bogs, when drained and supplied 
with potash, have produced large yields A sandy soil, on the other 
hand, is often deficient in mineral plant foods, and consequently the 
yields are low, but the quality of the tuber is generally high. 

Potatoes are grown on land with all grades of relief, from low peat- 
bog areas to mountain slopes and valleys In the United States the 
crop is grown chiefly on gently undulating to rolling lands, such as 
are common in the northeastern part of this country But the pro- 
duction has recently been extended into the level spring-wheat lands 
of the Red River Valley of the North, especially the outer beaches 
formed at the time of prehistoric Lake Agassiz Gentle relief is greatly 
desired m our country where modern machinery is used In Europe 
the largest potato acreage is also on gently undulating topography, 
but here modern machinery is used to a very small extent in potato 
cultivation, where planting, spraying, and digging are chiefly hand 
operations 

Influence of insects and diseases on production. The potato 
farmer has many worries, chief among them being the insect pests and 
fungus diseases which infect the potato plants. The most destructive 
of the fungus diseases is blight, the ravages of which are checked by 
means of spraying with the fungicide, Bordeaux mixture. Chief among 
the destructive insect pests are the potato beetle, the potato flea beetle, 
and certain plant lice. The first two are leaf-eating and the last are 
sucking insects. Quite frequently the potato grower makes a practice 
of combining with Bordeaux mixture the arsenical poison used m 
destroying the potato beetle, thereby providing a check for the rav- 
ages of the beetle as well as the injurious effects of early and late 
blights. 

The future. The outlook for the future world’s potato crop is 
bright, and an increase may take place in various regions. But when 
an increase comes there is often a flooded market and prices fall, much 
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the same as in the trucking industry. A glutted market is one of the 
dreads of the commeicial potato grower. Nevertheless, production 
will always be on a large scale, especially in lands m which the en- 
vironmental factors are favorable, because of the high food value of 
potatoes per unit area of land 

Other Crops In addition to its conspicuous place in the production 
of wheat, rye, and potatoes, the spring-wheat climatic region is also 
an important source of oats, flax, hay, and barley Oats are widely 
grown and are utilized mainly as a feed for livestock Flax is grown 
chiefly m the area of the spring-wheat producing region in North 
America and in the European area of the USSR, the latter region 
being the world’s most important source of flax fiber (about 60 per 
cent of the world’s total) In Russia the area of maximum production 
of flax practically coincides with the oats region, north of which 
barley becomes relatively more important in the cropping system T 

The cool summers and extensive area of glaciation of these climatic 
regions suggest the widespread cultivation of hay In the United 
States the area of maximum hay production practically coincides with 
the spring-wheat-belt type of climate and the New England region, 
and therefore extends in a long east-west belt from the spimg-wheat 
area through the lake states to the Atlantic. In Europe it extends 
eastward from the marine region In both these major regions of the 
world a widespread production of hay has been a dominant factor in 
the development of the dairying industry 

The Dairying Industry The dairy belt of the United States, in the 
northeastern part of the country, is practically coextensive with the 
area of maximum production of hay This belt therefore falls into 
two types of the humid continental climate— the more moist eastern 
part of the humid continental type with short summers and the modi- 
fied humid continental type Here the industry has developed mainly 
m response to (1) a climate that is well suited to hay ciops and pas- 
ture, and (2) the largest concentration of urban centers in Amenca, 
and therefore large markets for dairy products 

Dairying in Wisconsin. Wisconsin is the ranking dairy state of 
the United States At one time the state’s spring-wheat crop was more 
valuable than her dairy products However, with the development 
of large areas of fertile lands farther west, the Wisconsin farmeis ad- 
justed their farm practices to a more intensive type of agriculture. 

7 See Olaf Jonasson, “Agricultural Regions of Europe,” Economic Geography, 
Vol, 2, 1926, pp. 324, 325 
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Fig 181 Distribution of dairy cows in the United States Each dot represents 
5,000 head (U S Bureau of Agricultural Economics, U S Department of 

Agriculture ) 



Fig 182. Distribution of cheese factories in the United States Each dot rep- 
resents one factory. Note the concentration of factories in Wisconsin, also 
the grouping in the northern and southwestern highland sections of New York 

State 
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Wisconsin has more dairy cattle (2,577,000 in 1945) than any other 
state It produces more than thiee-fourths of the nation’s total of 
foreign types of cheese (brick, Swiss, and Limburger) and approxi- 
mately two-thirds of the American cheese manufactured m this coun- 
try (Figs 181 and 182) Moreover, it is the souice of 9 pei cent of 
our butter Such concentration of dairying within a single state re- 
flects a combination of favorable environmental conditions It attests 
(1) the abundance of suitable crops and pasture, (2) relatively cool 
climatic conditions duung summer, (3) an abundance of good water, 
(4) proximity to large urban centers and therefore leady markets, 
especially Chicago, and (5) the presence of an agricultural population 
with long experience m the dairying industry 
In Wisconsin the average summer isotherm of 70° approximately 
bounds on the south the cheese regions of the state, and the cheese 
factories located between the isotherm of 69° and 70° are not nu- 
merous. The areas of commercial cheese production aie furthei 
bounded on the south with approximate accuracy by the line of 150 
days m the average growing season, except along the Michigan shore, 
where, although the growing season is long, the climate is cool. North 
of these climatic lines com is not the dominant crop, since it some- 
times fads to mature before frost, but instead, glass is more extensively 
grown, from two-thirds to four-fifths of the improved land in north- 
ern Wisconsin and the southern highlands being in meadow or pasture 
The pasture encourages summer dairying and cheese production 
On the other hand, the southeastern part of the state specializes in 
the production of fresh milk. Here Milwaukee, Chicago (northern 
Illinois) and intervening cities demand large quantities of fresh milk, 
which is quickly transported on the many improved roads found m 
this section. 
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Chapter 14 


REGIONS OF MODIFIED HUMID 
CONTINENTAL CLIMATE 


Modified humid continental climatic areas are confined to only two 
regions m the world. One of these regions embraces the New Eng- 
land states and the maritime provinces of Canada, the other comprises 
the coastal parts of northeastern Korea, the neighboring southeastern 
coastal area of Siberia, the Japanese island of Hokkaido, and the north- 
ern part of the island of Honshu (Fig 183) One is North American, 
the other is Asiatic Both are east-coast regions in higher middle 
latitudes, and both are located to the east of the interior continental 
types of climate Since they are situated to the leeward of large land 
masses, they receive the continental influences of the land together 
with the moderating influence of the sea They are, therefore, com- 
monly called modified humid continental regions. 

THE CLIMATE 

Precipitation and Humidity By reason of their seaward location, 
the modified humid continental climatic regions receive precipitation 
that is more abundant and more uniformly distributed than that of the 
interior continental regions, such as the spung-wheat belt and the 
com belt. In New England precipitation varies from 45 inches a 
year in the southern coastal districts to 30 inches m the north Boston, 
Massachusetts, has an average annual precipitation of little more than 
40 inches a year, with a difference of only 1 inch of rainfall between 
the wettest and the driest months On the other hand, southeastern 
Siberia, northeastern Korea, and the east-coast regions of Hokkaido 
and northern Honshu all have a marked summer maximum of pre- 
cipitation, the wmters being comparatively drier (Fig. 184). These 
Asiatic areas receive their greatest precipitation when the summer 
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monsoons bring moist warm air from the adjacent oceanic areas. The 
chief exception to this general rule is to be found m western Hokkaido 
and Honshu 1 These west-coast areas of the Japanese Islands have a 



Fra. 183. Map showing Japan proper, Karafuto, Korea, a part of Manchuria, and 
southeastern Siberia The heavily shaded areas show the extent of the New 
England type of climate in Asia 


fall and winter maximum of precipitation, since they occupy a leeward 
position relative to the summer monsoons and a windward location in 
regard to the monsoons pf winter During winter, cold air from the 
continent of Asia blows over the Japan Sea, undercutting the Warmer 
stratum that surrounds the islands and forcing it to rise along the 

i Only the northern part of Honshu has the New England type of climate, 
The rest of Honshu is humid subtropical 
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slope of land. Thus, gloomy weather with snowfall pievails on the 
side facing the Japan Sea Precipitation eithei m the form of ram 
or snow is experienced almost every day during the winter season on 
the west coast of Hokkaido and northern Honshu a 
Abundant snowfall is one of the major characteristics of the New 
England climatic regions In the western coastal distucts of Hokkaido 
and northern Honshu, snow covers the ground and a thick veil of 



Fir. 184 The mean monthly precipitation in two cities that have the modified 
humid continental climate Nemuro, Japan, is located on the eastern coast of 
Hokkaido Although there is no month without rain at Nemuro, the rainfall is 
nevertheless greater during the summer half-year than it is during the re- 
mainder of the year 

clouds overcasts the sky during winter In some districts the houses 
have piolonged eaves, the ground under them being the only thor- 
oughfare for the people, since snow often covers the streets to a con- 
siderable depdi. The roofs of houses are designed to shed the load. 
Transportation is seriously handicapped. Similarly in New Englan d 
and maritime Canada, winter snowfall necessitates the expenditure of 
considerable energy and often involves great expense in keeping the 
highways open to traffic. Ice and sleet are commonly associated with 
the New England “northeasters,” causing damage to trees, shrubs, and 
telephone poles and wires 

In both the Asiatic and North American regions the winter storm- 
mess is due mainly to the greater intensity of cyclonic storms. Both 
regions are affected by cyclones (low-pressure areas) and anticyclones 
(high-pressure areas) Cyclonic storms are well known and have long 

a D. R. Bergsmark, The Economic Geography of Asia, Prentice-Hall, 1935, 
pp 381-383 
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been studied m North America They have been less thoroughly 
studied in Asia Yet m both regions they are an important factor m 
causing changes in the weather from day to day. In the Asiatic region, 
however, these storms are smaller and on the whole less intense. Dur- 
ing winter the cyclonic storms of the Asiatic region appear to come 
from the Yangtze Kiang Basin of China and move northeastward 
Some of them cross the Japan Sea, and others follow the eastern coast 
of the Japanese Islands d Their tracks tend to unite in Hokkaido, just 
as the cyclonic storms of North America tend to converge upon New 
England and the neighboring St Lawrence Valley In both regions 
the cyclonic storms are dominant in winter. 

Fogs are often experienced Maritime Canada and New England 
receive the cooling influence of the Labrador Current which flows 
from arctic regions along the eastern coasts of Greenland and Labrador 
and thence to New England Winds blowing from the east bring 
cool weather, which is often piercing and unpleasant during winter 
Winds that blow from the south and the southeast bring warm moist 
air, which is cooled as it reaches the Labrador Current This cooling 
of the moist air causes fog Similarly, in the Asiatic region the cool 
Okhotsk Current flows from arctic areas southward along the coast 
of northeastern Asia The current divides in the northern islands of 
Japan The western branch thus formed flows toward the continental 
mainland of Asia, whereas the eastern branch follows a course south- 
waid along the eastern coast of Hokkaido. When the warm, moist 
air of the summer monsoons is drawn northward over this cool ocean 
current, condensation takes place and fogs are created, especially in 
the east-coast region of Hokkaido, 

Temperature. The temperatures of the modified humid continental 
climatic regions reflect the influences of the humid continental climates 
of the interior and the moderating effects of the adjacent waters The 
average annual temperatures are approximately the same as those of 
the continental interiors in the same latitudes, yet the range of tem- 
peratures from season to season is less, There is little difference m 
the temperatures of winter, when cyclonic control is dominant m 
both the continental interiors and in these east-coast regions. In eastern 
Asia the vigorous outblowing winter monsoons reinforce the westerlies 
and cause a considerable drop in temperature. At that tame of year 
the cyclonic storms are also most active During summer, on the other 

« Glenn T Trewartha, A Reconnaissance Geography of Japan, University of 
Wisconsin Studies, 1934, pp. 16-20 
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hand, there is a milder and more intermittent indraft of air It is also 
a season of weakened cyclonic storms In North America the summer 
is characterized by rapidly rising temperatures in the continental in- 
terior Yet the modifying influence of the Atlantic does not extend 
far inland because the prevailing wind is from the interior Thus, the 
summers of humid continental regions aie decidedly less hot and the 
winters are somewhat less cold than continental interior places in the 
same latitudes On the other hand, the lange in temperature from 
season to season is greater than that of west-coast climates m similai 
latitudes. 



Fig 18J Apple orchards m the Annapolis Valley of Nova Scotia Fruit produc- 
tion is an important activity in many parts of the modified humid connnental 

climate 


The frost-free period is from 150 to 180 days m length, or approxi- 
mately as long as that of the corn-belt type of climate But the cool- 
ing influence of the waters in part reduces the beneficial effect of a 
long frost-free season, though this cooling influence attracts tourists 
during the summer and is capitalized by some of the local inhabitants 
Thus spring is usually long and protracted in the New England 
climatic region, the adjacent waters warm slowly and therefore the 
cold of winter is extended for a longer period in this coastal section 
Fruit growers have taken advantage of this phenomenon, since the 
cold weather of spring inhibits the blossoming of the trees, and 
thereby tides them over the period of frost danger (Fig 185). 

During the fall of the year, on the other hand, when the land is 
cooling rapidly, winds from the ocean check the frost hazard and 
bring warmth to the coastal dweller. This climatic advantage is 
turned into account by growing late crops in some sections, such as 
tomatoes in the eastern part of Long Island. 
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SOIL RESOURCES AND THEIR USES 

Soils of New England and Mantime Canada. The podzol is the 
dominant soil of the northern and northwestern parts of New Eng- 
land and the greater part of the adjacent provinces of Canada The 
cool, moist climate and the mixed coniferous deciduous forests of 
these areas have favored the development of podzol, a soil that also 
extends into other northern forest regions, such as the northern con- 
iferous forests of Canada and Eurasia (see pp. 95 and 100) In the 
undisturbed forested areas of New England and maritime Canada the 
A horizon or topsoil of the podzol contains a thin layer of organic 
matter above a gray leached layer The B horizon or subsoil is gen- 
erally more compact than the overlying A horizon. It contains much 
fine-textured material, iron oxide, alumina, and sometimes organic 
matter which has been removed from the gray A horizon and deposited 
in the dark-brown B horizon 4 Together the A and B horizons— which 
constitute the soil or solum— have a total thickness of less than 3 feet. 
Much of the podzol land of New England and maritime Canada has 
remained in forest because the soil is either too stony or too sandy 
for profitable crop production The finer-textured soils such as the 
sandy loams are planted to grains, hay, tubers, and other crops m 
support of the dairying industry. The best potato lands of New Eng- 
land are the Caribou podzols of Aroostook County, Maine. 

In the southern and southeastern parts of New England, the brown 
and gray-brown podzols are the most widespread of the mature soils. 
Where they have remained undisturbed, as in forested districts, they 
have an organic mat on the surface, with a thin leached horizon below 
it The leached horizon varies in thickness from about an inch in the 
poorer brown podzols to 8 or 10 inches in the gray-brown soils of 
the region. These soils also vary greatly in utilization. Stony and 
sandy areas of brown podzol remain largely in forest, many of the 
sandy loam areas are used for pasture, hay, and general farm crops; 
and the stone-free areas of fine-textured brown podzols of stream ter- 
races are often devoted to truck gardens, especially near the large 
cities. All these podzolic soils (the brown and the gray-brown) are 
responsive to liming and to the application of organic matter and 
fertilizers 

4 In. general, podzols have developed eluvial A horizons (surface lasers of 
removal) and illuvial B horizons (lower layer of accumulation) 
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Soils of the Asiatic Region In the humid continental region of 
Asia the gray-brown and brown podzols predominate in the southern 
part, the typically gray podzols being found chiefly in the northern 
areas, such as the northern peninsula of Hokkaido Over large areas 
the soils of Hokkaido have been derived from volcanic ash 5 In some 
areas— mainly in the southern and eastern mai gins— the volcanic detritus 
is so young that soils have not had sufficient time in which to leach 
maturity in such parent matenal In still othei parts peaty soils are 
found These include the unused moor peats and the lowland peats. 
The lowland peat soils are used chiefly for rice production 8 

NATURAL VEGETATION AND FORESTRY 

The New England Forests. These are much like the forests of the 
adjacent regions of the continental interior In general, they may be 
divided mto two major classes (1) those of northern New England, 
where extensive areas of forest land still remain, and (2) those of 
the agricultural zone, in which the forested areas are narrowly limited 
In the northern uplands the trees consist mainly of spruce, fir, pine, 
and northern hardwoods Pme often occurs on the sandy soils, spruce 
and fir appear at higher elevations High-grade pine and the larger 
spruce were cut in the early days Then followed repeated cuttings, 
many areas having been logged several times. Recent lumbering for 
pulpwood has further reduced the timber stands, especially the soft- 
woods Hardwood or deciduous trees now occupy the land m many 
of the areas in which the original stands consisted mainly of softwood 
trees On many of the upper mountain slopes and ridges, where fir 
and spruce constituted the chief trees, cutting has greatly depleted the 
timber reserves. In some places only a spindling stand of timber 
remains 

Fires have caused considerable damage by destroying the seed trees, 
the seedlings, and the seeds Repeated fires may thus change the very 
composition of the forest. Hardwoods have, in fact, taken the place 
of the conifers m many of the burned-over areas. Hardwoods have 
the ability to reproduce through sprouting They are, therefore, more 
resistant than the softwoods to complete devastation by fire. Yet a 
fire may be so severe that even the sprouting capacity of the stumps 
has been destroyed. 

8 D H Davis, “Agricultural Occupation of Hokkaido,” Economic Geography, 
Vol 10, 1934, p 351. 

Hbid 
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In the forests and woodlands of the agricultural zone theie is much 
evidence of sprout growth rather than seedling growth, hence hard- 
woods predominate. Most of the old timber has been removed, and 
only m some places have old trees been carefully protected Most 



Fig 186. A pulpwood landing in New Hampshire Logging is a major winter 
occupation m many parts of the modified humid continental climate (Courtesy 

U S Forest Service) 


of the forested areas consist chiefly of trees less than fifty years of 
age. In general the forests of this agricultural zone occupy the poorer 
soils, and they are owned by the farmers Since these areas are ac- 
cessible to the densely populated centers of New England, they have 
long provided raw material for local industries and for the farms. 
Overexploitation has characterized the forest industry in this part of 
New England. Only a small part of the original stand of timber re- 
mams In some places the depletion of the forest has caused abandon- 
ment of farming, especially m the less fertile sections, where the small 
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irregular patches of land could not support a farm family without 
some supplementary resouice 

A large part of the New England timber is too small to be utilized 
for lumber, yet it is suitable foi pulp (Figs 186 and 187) This region, 
indeed, is one of the leaders in pulpwood and paper manufacturing in 
the United States. Similar development has taken place in the man- 
time provinces of Canada 



Fro 187 Floating spruce pulpwood bolts m New England (Courtesy U S 

Forest Service ) 


In some parts of New England and in New Brunswick, one of the 
mantime provinces of Canada, an important early spring activity in 
the forested districts consists of gathering maple sap for the manu- 
facture of syrup and sugar The sap is obtained chiefly from the 
sugar maple, one of the finest of maple trees 
Forests and Forestry in Hokkaido, In the modified humid con- 
tinental type of climate m Asia, the mixed coniferous and deciduous 
forests have been exploited on a large scale for only a relatively short 
time Thus utilization of the timber resources of Hokkaido, the 
northern island of Japan, did not become important until the 1890’s 
or 1900’s “Since that time, however, cutting has been rapid, and 
though there remain considerable areas of forest untouched by the 
woodman’s axe, the not distant future will probably see a rapid de- 




AGRICULTURE 


4(53 


dine in logging and lumbering As usual in a new country logging 
methods are wasteful, taking only the best and leaving slashed and cut- 
over forests to disastrous fires, reminding one of early logging m Wis- 
consin and Michigan The chief woods cut for lumber are oak and 
pine The larger sawmills are near the mouths of the principal rivers, 
for most of the logs are driven down the streams, although now use is 
also being made of railroad transportation ” 7 In the southern part of 
the island large quantities of spruce are converted into pulp m some 
of the largest mills of their kind in the Far East 8 

AGRICULTURE 

The Agriculture of New England Agriculture is a major extrac- 
tive industry m these climatic regions It is characterized by an 
abundance of land devoted to hay, pasture, tubers, and small grains 
Corn and wheat, the chief staples of interior humid continental cli- 
mates, occupy a comparatively less important place m the cropping 
system. Coolness rather than length of growing season makes com 
production less profitable (especially in the northern parts of these 
regions) than in the continental interiors Moreover, this climatic 
region contains large areas of rough upland and poorly drained low- 
lands Such areas are commonly poorly suited to gram production, 
but they can be utilized for pasture and hay In general the environ- 
ment favors the production of crops that may be used as feed for 
livestock, and the livestock industry is well developed, especially in 
the American region 

The dairying industry In this glaciated region with its small and 
irregular fields and its cool summer climate the dairying industry is 
the chief source of wealth A large and rapidly increasing city pop- 
ulation in this region provides a market for an enormous quantity of 
fresh milk. The cows required to produce this milk consume most 
of the hay which occupies the greater part of the crop land of this 
region. Cheese and butter manufacture, at least during the season of 
the summer surplus of milk, is a desirable adjunct to the market milk 
business and even a necessary one m some districts 

On the majority of the dairy farms of New England various other 
activities are associated with dairying In most areas forest industries 

7 Reprinted by permission from “Hokkaido, the Northland of Japan,” by 
W. D. Jones, Geographical Review, Vol 11, p 21. 

s Op ctt, p, 22. 
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of one kind or another occupy a part of the f aimers’ time (Fig. 188 ) 
For example, the family wood supply is usually furnished by the farm 
Northern and central Vermont contains a large dairying-forest prod- 
ucts area m which maple syrup and sugar are produced during one 
season of the yeai On many of the New England hills, dairy farmers 
devote a part of their time to producing fruit crops, notably apples 
Moreover, the farms of the interior experience higher summer tem- 



Fig 188. Over large areas in New England forest industries of one kind or an- 
other occupy a part of the farmer’s time (U S Department of Agriculture ) 


peratures and a drier harvest season Large areas, especially m the 
northern part of New England, have summers that aie too cool for 
the profitable production of com for gram Yet corn is grown for 
fodder and silage Much of it is cut before it is ripe Yet these 
climatic regions produce some high-grade corn Thus, the produc- 
tion of sweet corn for the canning factories has become an important 
supplementary activity on many of the dairy farms of central and 
eastern Maine. As compared with wheat, crops such as oats, rye, 
potatoes, and hay are better suited to the natural environment of New 
England, especially the northern areas. 

Crops. Hay is the most widely grown crop in New England The 
bulkmess of hay, with the relatively high cost of transporting it, favor 
its production locally, especially since the development of the dairy- 
ing industry. 
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Oats, barley, rye, and field peas are also grown as feed for dairy 
cows. These crops are pioduced, sometimes for gram, but more often 
for hay or for green fodder. A mixture of oats and peas is sometimes 
sown Occasionally oats, barley, and peas aie sown together for gram, 
but the total acreage of all these crops is small 
Wheat and corn are little grown on New' England farms Like 
Wisconsin, this region formerly produced a considerable quantity of 



Fig 189 Distribution of the potato acreage in the United States Note the con- 
centration in Aroostook, Maine (Bureau of Agricultural Economics, U S De- 
partment of Agriculture) 


wheat. The reduction of acreage is probably due to the need of good 
land for the growing trucking industry and competition with wheat- 
producing lands farther west 

It was largely competition with the West that drove New England 
from the production of small grams Western farmers, with their 
large fields and level lands, had a distinct advantage in the utilization 
of laboi-savmg machinery, and therefore in the production of gram 
at low cost 

Fruits and vegetables, Although these crops occupy but little 
land in the New England region, they are an important source of farm 
income Here both climate and nearby markets contribute to the 
development of the fruit and trucking industry The large popula- 
tion to be fed renders truck farming and fruit growing logical agri- 
cultural adjustments. The advantage of production near market, espe- 
cially for truck crops, enables New England producers to compete 
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favoiably with nioie distant legions In fruit pioduction the com- 
petition has a wider iange, particularly in lespect to apples 

In the production of potatoes one distuct, Aroostook County, 
Maine, is especially famous The cool, moist, cloudy weather and 
the fertile, sandy loam soils of tins county repiesent approximately 
the optimum climatic and soil conditions for potato production (Fig 
189) The average potato yield pel acre for Maine during the ten 
years 1936-1946 was 281 bushels, whereas that for the entire United 
States was only 124 bushels Unfortunately for the Aioostook County 
farmer, potato prices vary greatly from year to year and the seasonal 
income of the commercial potato grower is exceedingly unreliable. 

The Connecticut Valley is as famous for tobacco as Aroostook 
County is for potatoes In 194S, Connecticut and Massachusetts pio- 
duced 22,000 acres of tobacco, much of it being grown under a cheese- 
cloth covering The cheesecloth is expensive and must be replaced 
every few years Consequently only high-giade tobacco can be 
profitably grown under such conditions 

Although the Connecticut Valley is widely known for its tobacco 
crop, other crops— chiefly market garden crops— taken together occupy 
a larger acreage 

Tree-crop agriculture Large areas of New England are handi- 
capped by rough land and poor soil and cannot compete with other 
regions of the United States m growing exportable crops Yet there 
is room for considerable expansion in the production of tree crops. 
Some crop-yielding trees, such as the sugar maple and the apple, have 
already been mentioned Still others, such as walnuts, hickories, chest- 
nuts, and honey locusts, offer possibilities of more complete use of 
New England land, especially areas that are too rough for the plow 

Agriculture m Maritime Canada. In Nova Scotia, Prince Edward 
Island, and New Brunswick a mixed crop and animal type of farming 
predommates. The cool, moist, New England climate favois the pro- 
duction of grasses, tubers, and cool-season cereal crops In some 
places the soil moisture supply is too great for cereals, and tubers, 
although it is satisfactory for the growth of hay High tides in the 
Bay of Fundy cause rivers in the adjacent lowlands of New Brunswick 
and Nova Scotia to overflow their banks Much of this land has been 
reclaimed by diking. Without diking such land is suitable for the 
production of hay; diking makes possible the production of still other 
crops. 

Like New England, maritime Canada has most of its farm land in 
pasture, oats, hay, and root crops The livestock industry is well 
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developed, especially dairying Moreover, like New England, this 
Canadian region has certain agricultural specialties Thus the chief 
money crop of Prince Edward Island is potatoes. In addition, the 
island is noted for its output of silver foxes. The chief type of spe- 
cialized farming in Nova Scotia is the production of apples These are 
grown mainly m the Annapolis Valley, which is sometimes called the 
“Garden of Nova Scotia.” As m many parts of southeastern Canada 
first settled by the French, the Annapolis Valley contains long narrow 
farms, which have meadow land m the bottom, orchard land midway 
on the slopes, and pasture and woodland at still higher elevations 

Agriculture in Hokkaido The agriculture m the modified humid 
continental climate of North America and Asia possesses certain points 
of similarity Such similarity is m part reflected m the agriculture of 
Hokkaido, the northern island of Japan. This island differs from the 
rest of Japan not only in climate, but also in major economic adjust- 
ments “The climate of the main island [of Japan], excluding the 
northern portion, is similar to that of the Carolinas, in the eastern part 
of the United States Cotton Belt, w'hereas the climate of Hokkaido is 
much like that of New England ” 0 Climatic similarity is in large 
measure matched by a similarity in types of crops grown, with the 
exception of nee, a crop that is often grown in Japan, even where 
physical conditions are unfavorable and where the production of this 
grain does not appear to justify the amount of labor that is required 10 
The widespread cultivation of rice reflects the requirements of the 
Japanese diet Thus rice has become the most important cereal crop 
m Hokkaido, especially on the peat and peaty soils of the alluvial 
plains. The development of a 90-day variety of rice has made it 
possible to grow the crop even m the northern and northeastern dis- 
tricts. On the basis of purely physical conditions, such production 
could also take place in New England if the American people xvere 
very heavy consumers of rice Nevertheless, nee is comparatively less 
important m Hokkaido than farther south m humid subtropical Japan 
On the uplands of this northern island, oats rank first in importance 
among the cereal crops and in acreage nearly match the rice crop of 
the lowlands Hokkaido reflects the modified humid continental cli- 
mate also in its large acreage of land devoted to potatoes, a crop that 
is grown lh all parts of the island It is used as food for man as well 

»W D Jones, “Hokkaido, the Northland of Japan,” Geographical Review, 
Vol 11, pp. 21-22 

io d H Davis, “Agricultural Occupation of Hokkaido,” Economic Geography, 
Vol. 10, 1934, p, 358 
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as feed for livestock Hokkaido also has a better-developed livestock 
industry than the southern islands of Japan Moreover, the greater 
part of Japan’s apple crop is produced in Hokkaido. 


RECREATIONAL AREAS IN NEW ENGLAND 

New England has become one of the chief vacation lands of Amer- 
ica Atlantic coastal areas and the mountains afford respite from the 
heat of summer. Thus, along die Atlantic shoreline and the margins 
of the lakes in the White and Green mountains many summer resorts 
may be found In the northern highlands, higher latitude combines 
with high altitude to make the region cool during the summer Ovei 
die whole upland area, from Connecticut to central Maine, one will 
find impoitant recreational lands, visited by thousands of people who 
seek rest and pleasure during the summer. The numerous lakes and 
streams of the forested uplands afford sites for camping, boating, fish- 
ing, and swimming Also, during winter the frozen lakes and snow- 
covered highlands attract people who are interested m winter sports 
In addition, New England contains many historic sites and old homes 
that are visited by many people each year More than 20,000,000 
people live within a day’s journey of this region. 
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ARID AND SEMI-ARID REGIONS OF 
MIDDLE LATITUDES 

SEMI-ARID REGIONS 

The sparsely populated semi-arid regions of midd le Jlattitudes are 
bounded in part by areas of aridity and in part by humid lands Al- 
though they are found on all the continents, these regions reach their 
largest size in the northern hemisphere In North America a long 
belt of semi-arid land lies east of the Rocky Mountains and stretches 
northward into Canada and southward into Mexico In Argentina a 
similar region extends from the Pampa and Gran Chaco westward to 
the Andes and southward almost to the extreme southern tip of South 
America Even more extensive are the semi-and parts of Eurasia, 
which flank the vast interior desert of that land mass In the middle 
latitudes of Africa and Australia semi-arid regions cover relatively 
smaller areas, but here also their position between humid lands on the 
one hand and desert on the other places them on the margin of crop 
production and on the frontier of agricultural development (Figs. 71 
and 190). 

The typical semi-arid region is a sparsely populated area, where, 
owing to the scant and uncertain precipitation and to the extensive 
grasslands, stock-raising is the dominant activity and the chief source 
of wealth for the greater part of the population. Where crops (chiefly 
wheat) are grown they usually occupy the more humid parts of this 
realm. Thus in the Great Plains of North America there is a gradual 
increase m the value and amount of agricultural crops with distance 
eastward or toward the regions which have a humid climate (humid 
subtropical in the South and humid continental in the North) From 
an agricultural standpoint, the dividing line between the humid East 
and the semi-arid West practically coincides with the belt in which 

469 
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the income from the grazing industry approximately equals that ob- 
tained from crops 

Semi- And Lands, the Frontiers of Agricultural Development One 
of the distinctive features of all semi-arid regions of middle latitudes 
is their frontier character In all these regions settlement is still m 
progress, and systems of agriculture adapted to varying geographical 
conditions found in these areas are not yet fully established More- 



Fig 190 The semi-and regions of the world represent marginal agricultural land 
where small fluctuations in seasonal rainfall may result in major changes m crop 

yields per acre 


over, much difficulty has been experienced m making a permanently 
favorable and satisfactory adjustment to the semi-and environment, 
since most of the settlers have come from more humid lands m which 
rainfall is more abundant and crop production less precarious 

Even as late as the middle of the nineteenth century, geography 
books, magazines, and newspapers described the semi-and region of 
the United States as a vast desert ‘‘incapable, probably forever, of fixed 
settlements” As late as 1858, an article in a leading magazine de- 
scribed the Missouri River as the eastern boundary of a “vast desert 
nearly one thousand miles m breadth, which it was proposed to 
traverse, if at all, with caravans of camels” 1 Today, however, the 
value of livestock and crops produced in this region is calculated in 

1 From an address made by F D Farrell before the American Association for 
the Advancement of Science 
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hundreds of millions of dollars But in this region, as in other semi- 
arid lands, the element of uncertainty is ever present— years of plenty 
are followed by yeais of dearth, frequently causmg great losses to the 
farmers 

Similarly, in other semi-arid lands the frontier character is marked 
In Australia vast stretches of such land were called “desert” until the 
end of the nineteenth century— land which at present produces mod- 
erate crops of wheat and provides grazing for large herds of sheep 2 

From the beginning of the eighteenth century cattle drovers and 
farmers have been moving into the middle-latitude semi-arid region 
of South Africa, but much land still remains unoccupied Typical of 
a large part of this region is the Great Karroo, which was visited first 
by Dutch cattle drovers, who pastured their cattle in the region after 
the summer rains These cattlemen appear to have migrated from 
the Cape region of winter ram (Mediterranean climate), moving their 
goods and families from place to place in great covered wagons drawn 
by several yokes of oxen 3 

Patagonia is the middle-latitude semi-arid region of South America 
A large part of this region was held by aboriginal Indians until they 
were driven out by the campaign of 1879-1883. This campaign was 
intended to open the land to colonization “Gradually settlement took 
place In the northwest, the tiny irrigated spots of Neuquen at- 
tracted a first stream of settlers Here the cattle trade with Chile 
proved so lucrative that for many years the economic interests of the 
territory leaned more to Chile than to Argentina Along the Atlantic 
coast other groups found means for establishing settlements, while from 
the Magellanes territory of Chile came sheepherders to seek the pas- 
tures of Santo Cruz ” * But this region remains a sparsely populated 
(less than 1 person per square mile) agricultural frontier of Argentina 

At present the semi-arid region of Asia is being settled in large part 
by people from the overpopulated lands of North China In these vast 
semi-arid stretches of Mongolia the Chinese farmer is finding ample 
room for the grazing of livestock and the production of crops Here 
still exists an agricultural frontier of China as manifest by settlements 

2 Griffith Taylor, “Agricultural Regions of Australia,” Economic Geography, 
Vol 6, No 3, July 1930, p 228 

3 L. H Halverson, “The Great Karroo of South Africa,” Journal of Geography, 
Vol 29, 1930, p 290 

♦Reprinted by permission from South America, by C F Jones, Henry Holt & 
Co, 1930, p 360. 
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of large numbers of Chinese Even dairying is becoming an important 
pursuit of the inhabitants of the eastern part of this area 0 

Climate 

In semi-arid lands the climate is generally unfavorable for maximum 
crop pioduction, and in many parts of the realm even the grazing 
industry suffers, Scant and uncertain lainfall, extreme temperature 
fluctuations, destructive hailstorms, and strong desiccating winds are 
among the factors which cause the greatest losses of both livestock 
and crops 

Uncertain Rainfall As generally used, the teim “semi-arid” refers 
to areas receiving on the average from 10 to 20 inches of precipitation 
annually But in determining the degree of aridity or humidity, 
evaporation must also be considered Thus in southern Texas where 
the temperatures are high, the atmosphere dry, and evaporation rapid, 
much more than 20 inches of precipitation may be required to make 
a humid country, but 20 inches in the Red River region of North 
Dakota makes a distinctly humid climate Climatological studies indi- 
cate that 2 6 inches of rainfall m the northern part of the Great Plains 
is equivalent to 30 inches of rainfall m the southern part, with its high 
surface evaporation Moreover, the seasonal distribution and variations 
in amount from year to year operate more favorably m the northern 
than in the southern part of this region Consequently, although the 
rainfall is less in the North, conditions there are climatically more 
favorable for crop growth than elsewhere m the region 

Where evaporation is slow a rainfall of 15 to 20 inches, if properly 
distributed, is sufficient for the production of middle-latitude crops, 
it is also sufficient foi extensive development of the native grasses 
suitable for the grazing industry But the precipitation usually fluc- 
tuates widely from year to year, the fluctuation being most pro- 
nounced m the drier parts of the realm Where the average amount 
of precipitation borders on the minimum required for crop production, 
the variation from year to year is of major importance The effect 
of drought is most serious in those regions where the average annual 
rainfall is sufficient for crop production, since settlers have established 
farms on which the crops flourish in years of good or average ram, 
but the crops may fail completely in dry years Thus a station located 
on the Darling River in the wheat belt of semi-and Australia once 

8 P Wilm, “The Agricultural Methods of Chinese Colonists in Mongolia,” 
Chinese Economic Journal, Vol 1, No 12, December 1927, pp 1023 and 1025. 
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recoided no appreciable rainfall for thirty months, whereas the records 
of other years disclose a moderately abundant rainfall 0 Bloemfontein, 
situated m semi-arid South Africa, has received as little as 15 inches 
and as much as 34.5 inches of rain a year 7 When the rainfall is only 
15 inches even the native grasses suffer m this region of rapid evapora- 
tion, but rainfall of more than 25 inches usually means luxuriant crops, 
and therefore a special attraction to settlers 
In the semi-arid Great Plains of North America there is a well-recog- 
nized tendency for precipitation records to show several successive 
years of comparatively generous rainfall, follow ed, in turn, by several 
years of deficient rainfall, and this renders farming by ordinary meth- 
ods precarious in most of the drier western part of this region 
Abundant crops in years of ample moisture encourage the western 
expansion of the cultivated area, but the records disclose the fact that 
these are only temporary conditions and are likely to be followed by 
years of drought when the rainfall is insufficient to mature crops 8 
In the semi-arid region of inner Asia the precipitation occurs m a 
short period during the summer half-yeai. In some parts of this re- 
gion, especially eastern Mongolia, the rainfall is concentrated in the 
months of July and August Here some years are characterized by 
absolute dryness until the end of June, followed by excessive rains, 
creatmg unfavorable conditions for agricultural pursuits Some years 
are almost rainless, but at times violent storms are experienced, as 
manifested by the deep channels, now dry, which the torrents have 
excavated.® 

The precipitation of middle-latitude semi-arid lands is not only con- 
centrated chiefly in the summer half-year, but it is sometimes violent 
and destructive. Thunderstorms occur frequently, and hailstorms 
do much damage to the agricultural crops Moreover, lightning some- 
times kills stock and sets fire to patches of grass These are some of 
the adverse weather phenomena characteristic of drier regions, where 
insolation, radiation, and convection are very pronounced 
Seasonal Distribution of Precipitation It is the rainfall of the crop- 
growing season with which the agricultural people are mostly con- 

°W G Kendrew, The Clmtates of the Continents, Oxford University Press, 
Oxford, 1922, p. 362 
7 Op, ctt, p 75. 

»J B, Kmcer, “The Climate of the Great Plains as a Factor in Their Utiliza- 
tion," Annah of the Association of American Geographers, Vol 13, 1923, p 72 
8 P. Wilm, “The Agricultural Methods of Chinese Colonists in Mongolia,” 
Chinese Economic Journal, Vol 1, No 12, December 1927, p 1025. 
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cerned Fortunately most semi-arid lands receive the greatei part of 
their precipitation during the summer half-year (Fig 191) In semi- 
arid Asia more than 80 per cent of the precipitation occurs during the 
summer months, and the Great Plains of the United States get approxi- 
mately 80 per cent of their moisture supply during the six warmer 
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Fig 191 Mean monthly rainfall and temperature at Kimberley, South Africa 
Noteworthy is the pronounced summer maximum of precipitation 

months of the year 10 It is during these months that the air holds most 
moisture and the warm land accentuates the inflow of air from the 
cooler oceans, On the other hand, during the wratei cool air ac- 
cumulates over the land and checks the inflow of moist air Such 
winter conditions are most pronounced over Asia, where a dense 
blanket of cold air settles and gives that continent the highest at- 
mospheric pressure m the world As a result of the settling air and 
outflowing air currents there can be little or no precipitation during 
the cold season, 

10 J B Kincer, “The Climate of the Great Plains as a Factor m Their Utiliza- 
tion,” Amah of the Association of American Geographers, Vol 13, 1923, p 70. 
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Temperature Variations Temperature conditions vary greatly 
from one semi-arid region to another, and even within a single region 
In general, regions that he at a considerable distance from large bodies 
of water have the greatest extremes in temperature Thus along similar 
latitudes, the interior (inland continental) semi-arid Great Plains of 
North America have a greater diurnal and seasonal range in tempera- 



Fig 192 Mean monthly rainfall and temperature at Santa Crust, Argentina 

ture than the semi-and coastal lands of Patagonia In the former 
region the temperatures of winter frequently fall as low as 40° below 
zero, whereas the winter temperatures of semi-arid Patagonia, lying 
near the sea, are remarkably mild for the latitude (Fig 192), The 
less rigorous winter of this area is a distinct advantage to the livestock 
industry. 

Where semi-arid lands are located near mountains the temperature 
is sometimes modified by winds that blow down the leeward slopes. 
Along the foothills of the Rockies “the cold is often markedly modified 
by the familiar chinook winds and the western border of the region 
in winter is usually warmer, despite its greater elevation, than the sec- 
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tion farther east” 11 The chmook wind is known to have caused a 
rise in temperature of approximately 50° within half an hour It 
quickly melts the blanket of snow during winter, exposes the native 
grasses, and thereby provides pasturage for livestock Similar winds 
occur m Pat ago nia along the eastern base of the Andes Mountains 
where the westerlies, after crossing the mountains, develop foehn char- 
acteristics. 

Native Vegetation and Soils 

Native Vegetation. The rainfall of semi-arid lands is generally 
deficient for the growth of foiests, and trees are seldom found m solid 
stands except along stieams or m lowlands where a sufficient moistuie 
supply results from surface or underground flow 

Grasses, which constitute the dominant type of vegetation, vary 
in size and thickness of stand with the amount of rainfall and the soil 
and subsoil moisture available for their growth In general, tall glasses 
are found in solid stands only in those parts of semi-arid regions which 
receive the greatest amount of precipitation, as illustrated by the 
distribution of the vegetation in the Great Plains (Fig 193) Heie 
from east to west the composition of plant cover shows a gradual 
change accompanied by a decrease in moisture supply In the eastern 
part of this region are found tall prairie grasses such as needle grass, 
bluestem, and sand grass Faither west these give way to wire grass 
and still farther west to the more widely scattered grama and buffalo 
grass 12 Likewise the native vegetation of other semi-arid regions 
shows a transition from solid stands of tall grass m the areas of greater 
rainfall and available soil moisture to short, widely scattered grasses 
in the drier parts of the realm. 

Soils Closely related to the vegetation and climate of semi-arid 
regions are the soils (See pp. 95 and 102 ) These belong in general 
to the lime-accumulating soil division— soils in winch lime carbonates 
accumulate somewhere in the profile, usually in the lower part of the 
B horizon Such lime carbonates owe their presence m the soil profile 
to the relatively small precipitation, and in the drier parts of semi- 
arid land the zone of lime carbonate accumulation lies relatively close 
to the surface This is well illustrated m the Great Plains of the 

11 Op cit,, p 74 

( 12For an excellent study of the vegetation of the Great Plains see H L Shantz, 
The Natural Vegetation of the Great Plains Region," Annals of the Association 
of American Geographers, Vol 13, pp 81-107 
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United States, m the eastern part of which the carbonate zone lies 
approximately 2 to 5 feet below' the surface as compared with 12 to 
15 inches in the drier western part. 13 

Corresponding to the variation in depth of the lime carbonate zone 
is a change of soil color. As a rule, the dark color predominates in 



Fig 193. Native vegetation of the Great Plains. {H L Shantz, “The Natural 
Vegetation of the Great Plains Region,” Annals of the Association of American 
Geographers, Vol, 13, 1923, p 83 ) 

the more humid parts of the realm— in areas of tall grasses and greatest 
depth of the carbonate zone Indeed, in such areas the soil is often 
black, reflecting an abundant supply of humus. But the color be- 
comes lighter in the drier parts of semi-arid regions, where much of 
the soil is light brown In the Great Plains of the United States the 
black soils are farthest east and give way to very dark brown, dark 

i8 C F. Marbut, “Soils of the Great Plains,” Annals of the Association of 
American Geographers , Vol 13, 1923, pp. 41-66 
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brown, and brown soils with distance progressively westward (Fig. 
194 ) Favored by the accumulation of lime, well supplied with humus, 
and essentially unleached of mineral plant foods, these soils are consid- 
ered fertile for agricultural purposes, and usually yield laige crop 



Fig 194 Soils of the Great Plains (C F Marbut, “Soils of the Great Plains,’’ 

Armais of the Association of American Geographers, Vol 13, 1923, p 44 ) 

returns when they are supplied with a sufficient amount of moisture. 

The chernozems of Russia further attest the fertility of semi-arid 
soils These correspond to the black earth belt of the Great Plains 
and are among the most fertile soils of Eurasia They lie in a major 
east-west belt and extend from the humid continental parts of Euro- 
pean Russia eastward into Asia South of this belt lie the chestnut- 
colored soils Agriculturally, they are less desirable than the soils of 
the black belt, which contain more humus as well as a thicker top 
horizon 
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According to Griffith Taylor the semi-arid southeastern part of Aus- 
tralia contains soils that are dark in color and similar in some respects 
to the black soils of Russia However, “they are poor in nitrogen 
and humus as compared with Russian black soils, but in phosphoric 
acid are among the best in the u orld They are uniformly deep ” 14 

Native Animal Life 

The wide distribution of native grasses in semi-arid regions favored 
the development of a great variety of herbivorous animals Here the 
ungulates reached a high stage of development both in numbers and m 
kinds, especially in the semi-arid lands of Asia and Africa In Asia the 
antelope, the gazelle, the horse, and the bactnan or tv o-humped camel 
are among the most important of these animals. No less than three 
kinds of horselike animals are found in the Asiatic steppe— the tarpan 
or wild horse ( Equus caballus), Prejevalski’s horse (E prejevalsku ) , 
and the kiang or wild ass (E hermovus) 15 Even more characteristic 
of the ungulates of the Asiatic steppe is the saiga antelope, an animal 
whose yellowish coat becomes white during the winter The bactnan 
or two-humped camel is especially veil fitted physically to withstand 
the harsh conditions of the drier parts of semi-arid lands It feeds 
upon bitter, hard-fibered plants of the steppe and will drink saline and 
even brackish water Moreover, within its two humps fat is stored 
when the steppe vegetation is most luxuriant, and the animal is there- 
fore capable of withstanding periods of semi-starvation. 

In contrast to those of Asia and Africa, other middle-latitude semi- 
and lands contain a smaller variety of ungulates In South America, 
within the human period, but before the immigration of the white, 
large ungulates were almost absent. No horse, no relative of cattle 
or sheep or antelope cropped the herbage of the Great Plains, but their 
place m nature was taken by enormous numbers of rodents, which 
reached a size not attained elsewhere. Again, in Australia no ungulate 
occurred, and the natural pasture was utilized by marsupials or 
pouched animals, of which the most important grass-eating form is 
the kangaroo . 18 Within the human period only a few species of 

m Reprinted by permission from “Agricultural Regions of Australia,” by Grif- 
fith Taylor, Economic Geography, Vol 6, No 3, 1930, p. 214 

is M I, Newbigin, Ammal Geography , The Clarendon Press, Oxford, 1913, 
p. 59 

18 Op ctt , p 56 
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ungulates inhabited the steppe lands of Noith Amenca Of these 
animals, the bison constituted the most widespread and important type 
roaming in countless numbers over the Great Plains of this continent 
While the bison were being exterminated by the early settler during 
the last quarter of the nineteenth centuiy, cattle and sheep were in- 
troduced in large numbers In close pursuit of the bison was the wolf, 
a carnivorous animal found in large numbers also in semi-arid Eurasia 
The wolf has been moie difficult to exterminate than the buffalo was, 
and at present it and its cousin the coyote do considerable damage each 
year by killing the ranchers’ livestock 

Some of the other animals, chiefly prairie dogs, wild dogs, and rab- 
bits, are a distinct menace to agriculture in semi-arid regions. Accord- 
ing to Guffith Taylor, rabbits were carried to Australia during the 
last quarter of the eighteenth century These animals spread rapidly 
and became destructive to pastures and crops In New South Wales 
the menace was well developed by 1883 , and in the subsequent five 
years neaily ,£ 1 , 000,000 17 was spent to counteract them Since about 
ten rabbits eat as much as a sheep, the damage done by the rodents 
can be estimated “Upon thiee stations in New South Wales (aggre- 
gating one million acres) the carrying capacity between 1880 and 
1890 was reduced by 120,000 sheep But, with poisoning, trapping, 
digging-out, and closer fencing, the rabbit menace is gradually be- 
coming controlled in the chief pastoral distucts of Australia.” 18 

In the Umted States, control operations against injurious rodents 
are conducted by the Biueau of Biological Survey of the Department 
of Agriculture In the semi-arid parts of this country, jack rabbits, 
gophers, and prairie dogs are widely distributed These animals are 
particularly destructive to alfalfa, range grasses, and fruit trees They 
also destroy cotton plants in seim-arid Texas, and throughout the re- 
gion they rum large quantities of stacked hay during the winter. 

Utilization of the Land 

Owing to the uncertain rainfall, the extensive native grasses, the 
cheap land, and the scarcity of labor, middle-latitude semi-arid regions 
are devoted chiefly to grazing These regions contain some of the 
most important grazing lands of the world, and m most parts of these 

17 Approximately 14,860,000 

18 Reprinted by permission from “Agricultural Regions of Australia,” by 
Griffith Taylor, Economic Geography, Vol 6, No 3, 1930, p. 218 



SEMI-ARID REGIONS 


481 


areas livestock and their by-products constitute the chief source of 
wealth 

Sheep Most Widely Distributed Of all the animals raised in the 
semi-arid regions sheep are most widespread (Fig 195). Native to the 
dry plateaus of Eurasia, grazed for centimes on dry, haid-fiber grasses, 
these animals are a suitable type of livestock for semi-arid regioas 
Possessing a cleft lip, thev are able to nip the short grasses close to the 
ground and thus survive periods of drought much better than most 
other types of livestock Covered by heavy fleeces, thev withstand 
the extremely cold winters characteristic of the poleward parts of 
these legions Moreover, these animals furnish cheese, leather, wool, 
meat, and m some areas even milk— commodities that are essential to 
the comfort and well-being of the shepherd and his family 

Sheep are becoming increasingly important in numbers and value 
within these regions In Argentina the increase of population and 
more intensive agricultural development have caused a gradual migra- 
tion of sheep herders from the humid subtropical Pampa into semi- 
and Patagonia In Australia sheep were first raised along the humid 
southeastern coastal lands Later with the development of a larger 
population calling for foodstuffs, sheep were forced out of the coastal 
region to make room for crops, beef production, and dairying They 
were -driven to the westward, beyond the mountains of southeastern 
Australia Now the most important zone of sheep production on 
that continent extends from the mountains on the east to the desert on 
the west and embraces the middle latitude semi-arid region of that 
continent. 

Cattle. Although cattle are found m all semi-arid regions, they are 
less numerous and less widely distributed than sheep They are also 
found m relatively smaller numbers than in humid lands of middle 
latitudes and, as a rule, occupy those parts of semt-arid regions where 
rainfall is most abundant and the native grasses have the most luxuriant 
growth. Cattle, in contrast to sheep, are less able to thrive on short, 
hard-fibered grasses Originating somewhere south of the Himalayas 
m a humid, warm climate, cattle adjusted themselves to a native vege- 
tation that is more abundant and softer in fiber than the grasses of 
semi-arid and arid lands Thus in Australia cattle are confined much 
more closely than sheep to the moist coastal parts of the continent 

Similarly in the Great Plains of the United States cattle are relatively 
more important in the eastern part, whereas sheep raising becomes 
increasingly more important with distance westward Most of the 
sheep are located m the and districts along the Milk, Missouri, and 
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Yellowstone rivers in Montana, along the Little Missouri brakes and 
other rough lands in northwestern South Dakota, on the poorer semi- 
arid lands of northeastern Wyoming, in the North and South Platte 
Valleys of southeastern Wyoming and northeastern Colorado ” 19 
Cattle constitute more than 60 per cent of the total animal unit in 
the Great Plains region, and S3 per cent of the value of all livestock 
(Fig 196) Beef cattle aie more important than dairy cattle in all 



Fig 195 World distribution of sheep The importance of sparsely populated 
regions of the southern hemisphere is noteworthy Here, distance from market 
and cheap land favor the sheep industry The United States and Russia, although 
they contain large numbers of sheep, are relatively unimportant in number per 
square mile (U S Department of Agriculture ) 

parts of the region, except in the eastern, spring-wheat section of the 
black-earth belt, “where the two classes of cattle are about of equal 
importance ” 40 

Crop Production in Semi-Arid Regions Although the grazing in- 
dustry is most widespread and constitutes the chief source of wealth 
in most semi-arid lands, the production of crops is increasing m im- 
portance. However, the percentage of cultivated land differs strik- 
ingly from one semi-arid region to another, and even within a single 
region Thus the semi-arid regions of North America, European 

19 Reprinted by permission from “The Agriculture of the Great Plains Region,” 
by O E Baker, Armais of the Association of American Geographers, Vol 13, 
1923, p ISO 
so Op at., p. 148, 
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Russia, and southeastern Australia are relatively more important m 
crop production than the other semi-arid regions of the world. In 
all these regions the best and most extensively cultivated lands are 
found where rainfall is most abundant 
Wheat, the chief cuLrivAiED crop More semi-arid land is given 
to wheat than to any other crop Especially significant in the produc- 



FiG 196 Cattle ranching in the semi-arid region of western Canada 


tion of wheat are the Great Plains of North America, southeastern 
Washington, senu-arid Russia, and Australia The semi-arid Great 
Plains of the United States contain more than half the acreage of 
spring wheat of this country,-* 1 and in the western part of semi-arid 
Russia more than one-half of all the cropped land is m spring wheat.* 2 
In Australia, cultivation of wheat was first confined to the moist coastal 
area with its annual rainfall of 30 to 40 inches, but here wheat culture 
was not a success. The discovery that the drier districts inland were 
more suitable for wheat growing altered the position very much, and 

al Op, ett , p 133 

N M Tulaikov, “Agriculture in the Dry Region of the USSR,” Economic 
Geography, Vol 6, No, 1, 1930, p 66. 
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the bulk of the wheat is now grown in districts with a rainfall of 25 
inches or less 38 

REGIONAL STUDIES OF SEMI-ARID LANDS 

The Great Plains of North America 

Shut off from the moisture-bearing westerly winds by high moun- 
tain ranges to the west, located at a considerable distance from the 
Atlantic Ocean and Gulf of Mexico to the east and southeast, the 
Great Plains of North America constitute a semi-arid legion covering 
more than 400,000 square miles of land. On the east this region gives 
way to humid continental and subtropical areas, on the west to high- 
lands and deserts The eastern boundary of this legion coincides 
roughly with the meridian of 100° . 

Wide variations in climatic conditions occur in the Great Plains 
It is a region peculiarly subject to high winds, driving storms, and 
sudden changes in temperature The light is intense and the relative 
humidity is usually low In a large part of this region hail is of fre- 
quent occurrence and does much damage to crops 

Problems of the Early Settlers. The Great Plains region was set- 
tled chiefly by people who came from the northeastern part of the 
United States These m turn had come mainly from northwestern 
Europe and had brought their agricultural traditions with them—a con- 
dition usually associated with great human migrations 

The story of the first three or four decades of settlement in the 
Great Plains region is a story of heroic struggle with a strange and 
difficult environment. The early settlers first toed to establish the 
kind of agriculture to which they had been accustomed m the humid 
northeastern states. Occasionally they succeeded, especially during 
times of unusually favorable climatic conditions, when rainfall was 
above normal and when grasshoppers, the great crop pest of that 
time, were not dangerously numerous During such favorable periods, 
com, soft wheat, and various other crops that the settlers brought 
with them yielded abundantly But, in general as long as the settlers 
depended upon their traditional farming methods and crop plants they 
failed. The early failures made themselves felt not only m the new 

33 Griffith Taylor, “Agricultural Regions of Australia," ’Economic Geography, 
VoJ, 6, No 3, 1930, p. 224. 
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country but also “back East,” as thousands of eastern people who 
held western mortgages soon learned 21 

The Agricultural Regions of the Great Plains. According to O. E 
Baker, the Great Plains of North America may be divided into four 
belts, in each of which there is a general uniformity in human ad- 
justments as a result of uniformity in the environment, chiefly the 
climate, soil, and native vegetation These are (1) the humid black- 
earth crop-farming belt, (2) the semi-arid farming-grazing belt, in 
which grazing is less important than crop production, (3) the grazing- 
forage belt, and (4) the senes of disconnected arid, sandy, or rough 
areas, which when unirngated are suitable only for grazing and the 
growth of drought-resistant forage crops on favorable sites. Only 
the second and third of these regions may be considered as typically 
semi-arid, since the black-earth belt is similar in several respects to 
the humid lands farther east, and the disconnected and, sandy, or 
rough areas have much m common with the arid regions still farther 
west 

The black-ear i h belt “Largest in area and most important agri- 
culturally is the sub-humid, black-earth, crop-farming belt. This is 
the first transition zone between the humid East and the arid West 
It is one of the most productive agricultural areas m North America 
The noimally high fertility of the unleached soil just about balances 
the defect of frequently deficient rainfall.” 25 The use of the land 
for crops is limited by topography rather than by climate Thus the 
black-earth belt is a transition zone between the humid continental 
and subtropical regions to the east and the semi-and w est rather than 
a typical unit of the latter area 

The farming-grazing belt Adjoining the black-earth belt on 
the west, the farming-grazing belt covers approximately 126,000 square 
miles, an area larger than the British Isles “In this belt crop produc- 
tion, though uncertain, is more important than live-stock production, 
except in dry years, when the live-stock must provide most of the 
livelihood One or two sections of land (640-1,280 acres) are needed 
normally to yield a comfortable living. The average size of farms 
m the belt is only 683 acres, but much land not m farms is used for 

24 Adapted from an address made fay F D Farrell before the American Asso- 
ciation for the Advancement of Science 

J6 Reprinted by permission from “The Agriculture of the Great Plains Region,” 
by O. E Baker, Armais of the Association of American Geographers , Vol 13, 

p 120 
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grazing and if this were included the average size of farms would be 
about 900 acres.” 20 

The grazing-forage crop belt The third belt is the still drier semi- 
arid grazing-forage belt The soils are typically brown to dark brown 
and the vegetation is largely grama grass Here “crop production is 
precarious and the frequency of failure is sufficient to reduce the 
average acre-yield to about three-fourths of those in the farming- 
grazing belt and to three-fifths those in the sub-humid black-earth 
belt Ci op pioduction, however, can probably be carried on with 
profit in favorable sites, particularly if extensive methods of cultiva- 
tion are used and per acre cost is kept low ” 27 
The more extensive agricultural practices m this belt are reflected 
in the necessity for larger land holdings Two to four sections of land 
are usually needed to make a family-size farm However, the average 
farm in this belt is slightly smaller (1,225 acres) than two sections 
But relatively few of the farms in this belt are large enough to sup- 
port a family in accoi dance with the American standards of living 
Tur arid, sandy, and “badlands" grazing areas. Covered in large 
part by soils that are brown to ashy gray in color and vegetation that 
consists chiefly of short wire grass and grama grass, the arid sand and 
badland grazing areas reflect in the various factors of their environ- 
ment the influence of a climate m which the rainfall is small and un- 
certain Here the zone of lime carbonate accumulation lies near the 
surface, and m some of the more arid parts even the surface soil will 
effervesce upon application of acid In these drier areas crop produc- 
tion is normally impossible, except by irrigation 
The drier lands in these and areas are better suited usually to sheep 
than to cattle, and 5,000 to 10,000 acres are often required to sup- 
port a family of average size “On the ‘benches’ and in the less arid 
portions about 250 acres in the northern plains and 50 acres m the 
southern plains will carry one cow or steer in a system of year-long 
grazing, and the number of acres required per farm may be only 
2,500 to 5,000 The aggregate area of these arid and badlands grazing 
areas is about 70,000,000 acres Most of the irrigated land in the Great 
Plains region is found in these and areas ” 28 
Pastoral Activity m the Great Plains. The Great Plains possess a 
natural environment well suited for the grazing of livestock The 
native buffalo was replaced by cattle, which today are the chief type 

J# Qp cit , p 122 28 Op. cit, p 123 

^ Op cit, pp. 122 and 123 
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of livestock of the Plains The original cattle of this region, the Texas 
longhorns, were brought by the Spanish from Mexico From Texas, 
cattle were driven northward, and the cattle-grazing industry spread 
m that direction, especially during the last quarter of the nineteenth 
century Today cattle laismg remains the dominant activity m the 
semi-arid portions of the Plains “The Black-Earth belt, except the 
Corn Belt portion, has become and will continue to be for some years 
primarily a cash crop country, and probably the value of the wheat 
and other cash crops m the Farming-Grazing belt will equal the value 
of the annual production of live-stock products for several years 
But in the Grazing-Forage crop belt and in the non-irngated portions 
of the and areas live-stock production will undoubtedly remain the 
principal industry”* 0 

Better grades of livestock are rapidly replacing the Texas longhorn, 
and a carload of longhorns now causes comment in various cattle- 
shippmg centers, such as Kansas City. Now Hereford and short- 
horn cattle are the most common breeds in this region. Especially 
important are the Hereford cattle, they grow more quickly than the 
shorthorns under relatively harsh climatic conditions and in areas 
where the vegetation is relatively coarse. 

On the whole, the Great Plains region is one of year-long grazing, 
but from the Panhandle of Texas northward heavy snows cover some 
of the ranges for limited periods, which interrupt winter grazing and 
necessitate feeding to prevent or reduce losses. It is also customary 
among many of the northern producers to supply feed m connection 
with winter grazing, especially when the range is short through over- 
stocking and insufficient fall rains The southern portion of the region 
is more nearly a year-long grazing zone, owing to the lack of snow- 
fall However, feed is often supplied during periods of range shortage, 
both in summer and winter, especially during the long droughts that 
are more or less periodic. It is the policy of stockmen throughout the 
region to utilize native pastures, as far as possible, during the entire 
year and thus avoid the expense of supplying hay or cottonseed cake, 
the principal supplementary feeds In certain sections of the southern 
portion drought-resistant crops such as sweet sorghums and Johnson 
grass are used extensively as roughage, and the gram from kafir, milo, 
and feterita is becoming more common for fattening. 

Crop Production in the Great Plains Although many different 
crops are grown in this region, wheat is the most important and most 

28 Op at, p. 145 
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widely cultivated Durum wheat, which gives a better average yield 
than other spring wheats and a much better yield m dry seasons, has 
become a common crop from Kansas noith (Fig. 197) Turkey Red 
winter wheat has advanced into the dry country and is widely culti- 
vated in the cential part of the Great Plains In the southern part of 
this region, cotton, sorghum, kafir, and milo aie relatively more im- 
portant 



Fig 197 Large-scale wheat harvesting in a semi-arid section of Kansas (Cour- 
tesy Chamber of Commerce, Salma, Kansas ) 


As a forage and glazing crop alfalfa is increasing in importance 
The early settler of the Great Plains needed something to take the 
place that clover occupied in the agricultural system with which he 
was familiar. Indigenous to the Mediterranean legion, alfalfa is the 
oldest plant to be cultivated mainly for forage, and it has been grown 
for centuries m Asia and in southwestern Europe. High in feed value 
and in ability to withstand extremes of heat, cold, and drought, alfalfa 
is one of the fundamental factors in the livestock industry of the 
Great Plains 

Fallow. Many cultural methods have been tried In the Great Plains 
A widely practiced method is called “summer fallow.” Settlers in 
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some sections fallow their land to destroy weeds and to hold soil 
moisture Land to be summer-fallowed should be plowed m the 
spring or early summer, -worked down immediately after plowing, and 
kept free from weeds during the rest of the season. This usually 
requires at least two diskings and several harrowmgs In addition to 
the great labor required, it mvolves the loss of the land for a year 

Fallow land produces no crop the year that it is fallowed, while if 
planted to corn from 2 to 4 tons of com fodder to the acre may be 
grown In the northern and central parts of the Great Plains disked 
corn stubble has been found an excellent substitute for fallow as a 
preparation for gram The com crop requires only a little more 
labor than the fallow, and the small grams yield almost as well after 
com as after fallow Potatoes and other cultivated crops also are 
good substitutes for fallow in preparing the ground for small gram 
Where winter wheat is grown extensively, some fallowing may be 
advisable One year of fallow and two or three years of cropping 
usually will be more profitable than alternate cropping and fallowing 
In general, however, the increased production of livestock is recom- 
mended, with the growing of considerable com and the use of disked 
corn stubble instead of fallow for small gram 80 

Future of agriculture on the great plains. After a careful, 
analytical study of the relation between crop yields and precipitation 
m the Great Plains area, E C Chilcott states that the Great Plains 
area has been and should continue to be chiefly devoted to stock 
raising All agencies interested in the agricultural, social, and eco- 
nomic development of this vast region of more than 450,000 square 
miles should unite m bringing about conditions that will make pos- 
sible the fullest development of its natural resources for stock produc- 
tion Crop production should be aimed to supplement livestock pro- 
duction rather than compete with it. 

For the homeseeker with small capital and without practical agri- 
cultural experience the chances of success on the Great Plains are 
remote But where practical experience and adequate capital com- 
bine, and when real economic demand for increased agricultural pro- 
duction develops, the Great Plains of America are destined to become 
one of the world’s greatest food-producing regions 31 

30 F R. Babcock, “Grains for Western North and South Dakota,” Farmer's 
Bulletin 878, U S Department of Agriculture, 1929, pp 7 and 8 

ai E C Chilcott, “The Relation between Crop Yields and Precipitation in the 
Great Plains Area," Miscellaneous Circular 81, U. S Department of Agriculture, 
1927, p. 94 
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The Dust Storms. Prior to 1930 the high prices of wheat and other 
farm crops togethei with a few wet years brought about the greatest 
expansion of agriculture that had ever been experienced in our semi- 
arid lands Grazing or pasture lands were turned under to supply 
the demand for wheat Rich in plant foods and generously supplied 
with rams for several seasons, these new soils of the Great Plains added 
greatly to the wheat supply But an oversupply of wheat brought 
lower prices m the world markets, and the wet years were followed 
by some of the driest years on record in the Great Plains The cultiva- 
tion of previous years had loosened the soil, leaving it in an excellent 
condition to be blown away Dust storms followed with an appalling 
loss of surface soil These stoi ms have also been an impediment to 
transpoitation and business, and a great danger to life itself (Fig. 198). 

During 1933 and 1934 local dust storms became increasingly more 
common on the Great Plains On May 11, 1934, occurred the worst 
dust storm that our nation had ever experienced This “black bliz- 
zard” covered nearly 1,000,000 square miles (about one-third of our 
total area), and, according to soil-erosion specialists, it swept about 
300,000,000 tons of fertile top soil off the great wheat-producing 
plains Other dust stoims followed, but fortunately these were of 
lesser intensity 

Together these storms have caused the removal of billions of tons 
of fertile top soil in the Great Plains In some places nearly all the 
top soil (soil to the depth of plowing) has been earned away by the 
wind, in other areas it has been deposited in piles around buildings, 
fences, and other objects in the landscape. Millions of acres of seed 
have been uncovered, and other millions of acres of farm land have 
been covered with enough dust to destroy the crops Whenever 
piecipitation is associated with one of these storms, muddy raindrops 
cover out-of-door objects with an unsightly film of dust The dust- 
storm problem has, theiefore, become one of nationwide concern 

If the soil-blowing hazard is to be overcome, the land must be used 
in such a manner that wind erosion will be effectively stopped One 
of the best practices is to stop the extensive cultivation of the soil by 
returning large areas to pasture. Much of the sodland that was plowed 
during the period of rapid expansion of wheat cultivation in, the Great 
Plains should have been left for grazing. Much of it was rough land, 
which in the long run proves to be more suitable for pasture grasses 
than for crops In the central part of the Great Plains economical and 
practical methods have already been devised m many areas for the 
resodding of buffalo grass Suitable tillage methods should be adopted 
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Fig 198. Dust storm approaching (top view) Such “black blizzards” are largely 
the result of over-expansion of agricultural and pastoral industries of the Great 
Plains Behind the storms will be left dust-covered homes (bottom view), (Cour- 
tesy Soil Conservation Service, U. S Department of Agriculture ) 
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Fig 199 The great shelterbelt zone winch extends through North Dakota, South 
Dakota, Nebraska, Kansas, Oklahoma, and into Texas In this zone shelterbelt 
strips have already been planted Note the environmental factors that have been 
considered m determining the western boundary of the zone (After U S Forest 

Service,) 
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on all areas that are to remain as crop lands For example, tillage 
machinery should be used -which will develop a cloddy, roughened 
surface and which will aid in incorporating stubble and other plant 
residue m the surface soil Soil blows when it has become dry, loose, 
and finely pulverized, and when there is not enough decayed vegeta- 
tive matter to hold it together Hence a rough and cloddy surface 
soil well charged with organic matter is most desirable In addition, 
trees may act as a windbreak, and at the same time the roots help to 
hold the soil In 1934 the U S Congress appropriated a large sum of 
money for the relief of the people of the drought-stricken Great 
Plains As part of the program, shelterbelts were to be planted on 
about a million acres of farm land within a 100-mile-wide zone ex- 
tending from Canada to the Texas Panhandle (Fig 199) 

Argent i vt Paiagonia 

Argentine Patagonia contains the middle-latitude semi-arid region of 
South America Located to the east of the Andes, shut off from the 
moisture-bearmg westerly winds, the Patagonian region occupies a 
position similar to that of the Great Plains of the United States Like 
the Great Plains, it also trends north-south and slopes toward sea level 
with progressive distance eastward from the mountains. Both regions 
are sparsely populated. But there are points of contrast as well as 
similarity. Thus Patagonia is covered in part by flows of lava, which 
are quite fresh, the Great Plains consist almost entirely of sedimentary 
rock formations. In Patagonia the native vegetation varies from forest 
and mixed forest and grassland in the foothills of the Andes to sparse 
grasses farther east, whereas the more luxuriant vegetation 3s found m 
the eastern part of the Great Plains Moreover, the cultivation of 
crops is much less extensively developed in the Patagonian region. 

Sheep, the Chief Source of Wealth. Almost 10,000,000 sheep find 
pasturage on the sparsely populated lands of Patagonia, and this is 
about one-fourth the total number of sheep in Argentina. Sheep rais- 
ing is the outstanding and dominant occupation, and the sheep herder 
is the lord of the land Here the cultural landscape m some places 
reflects large ranches covering hundreds of thousands of acres, and 
ranch houses that are so widely separated that families may not see 
then neighbors for days or even weeks at a time. Thus the population 
is extremely sparse, being approximately 1 person for every 2% square 
miles. 
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A large part of this vast region can support only 1 sheep to every 8 
or 10 acres, which is about one-tenth of the carrying capacity of the 
eastern pampa, and this necessitates a wide ranging of the animals 

In some sections, transhumance is well developed, the sheep of the plateau 
move from the winter pastures, when the water supply gives out, to the lower 
slopes of the Cordillera for the summer ranging, transhumance is practiced 
only by mtrusos, who go from public lands of the tableland to unowned land 
of the Cordillera Government concessions to permanent ranchers, who do 
not desire the migrating flocks, and who put obstacles in the way of the 
mtrusos, are reducing transhumance, gradually both winter and summer range fs] 
are being controlled by permanent ranchers Sheep grazed on these and 
pastures yield only a medium quality of fair-grade wool, which becomes foul 
with dust and burrs The location of a permanent supply of fresh water is 
the chief concern of the herders, and in some sections sheets of water have 
been tapped by wells, but none exist on the crystalline areas in the central 
portion or on the red sandstone districts farther west On the western margin, 
wells are sunk in the valleys along the track of an underground stream Along 
the eastern coast, south of the Rio Negro, deep borings give every ranch its 
sheet-iron tank and a tall windmill 8S 


Semi-Arid South Africa 

Located to the leeward of die Drakensberg and other folded moun- 
tains in South Africa and flanked on the west and northwest by areas 
of aridity, this semi-arid region occupies an elevated part of that 
continent. It is a land characterized by relatively few people, whose 
chief source of wealth consists of flocks of sheep and goats, of ostrich 
farms, and of cattle Here the livestock feed upon scanty pastures, 
which remind one of the Great Plains and Argentine Patagonia. 

The Natural Environment The major part of this highland region 
receives most of its precipitation during the summer months of No- 
vember, December, January, and February, and it is practically rainless 
during the remaining months of the year Snow seldom falls and soon 
disappears when it has fallen, chiefly owing to the dryness during the 
cold seasoh As in other semi-arid regions the summer as well as 
winter precipitation is irregular m occurrence 

The more luxuriant vegetation and the greater amount of rainfall 
occur along the mountainous eastern part of this region, where the 
rainfall ranges from 20 to 30 inches a year Precipitation decreases 
with distance westward until desert conditions are encountered along 
the entire western boundary Here the small precipitation is msuffi- 

82 Reprinted by permission from South Ameftca, by C Jones, Henry Holt & 
Co„ 1930, pp 366 and 367. 
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cient for any but the shorter grasses, the bunch grass of the desert 
As in other semi-arid regions, the vegetation consists almost entirely 
of grasses and shrubs There are no foiests, and few trees are found 
except thorny acacias on the open plains and willows along water- 
courses Since the precipitation withm this region decreases from 
east to west, the native vegetation also decreases in luxuriance in the 
same dnection 

The Small Stock Industry As m Argentine Patagonia, the produc- 
tion of small stock is the most widely distributed activity and the chief 
source of wealth for the greater part of the population Small stock 
production represents the most efficient use of this semi-arid region 
Thus wool, mohair, and skins are major exports. 

Most of South Africa’s 40,000,000 sheep are found m this semi-arid 
region Here the merino is the chief breed, being a finc-v'ool sheep 
which originated in the highlands and drylands of the interior Meseta 
of Spain This breed shows well the conditions of its nanve habitat 
in its sensitiveness to excessive moisture and is confined almost en- 
tnely to the relatively dry parts of the earth These sheep have been 
taken from Spam to Argentina, to semi-arid United States, Australia, 
and South Africa 

Goats, like sheep, are at home m dry lands and m rugged areas— 
regions where forage is scant and fibrous But the goat is even hardier 
than the sheep in its ability to subsist on scant forage and m regions 
of rough topography. It has the added advantage of being a relatively 
large milk producer In this region, however, the goat is raised largely 
for its mohair The Angora goat, introduced from Asia Minor, finds 
in South Africa conditions very favorable to its development. The 
expansion of this industry has made goats more numerous than any 
other animal except sheep, and South Africa has become one of the 
world’s chief mohair-producing regions, with the major production 
within this semi-arid unit, 

The small stock industry of the Great Karroo The Great 
Karroo, a part of semi-and South Africa, may be taken as typical of 
the larger area From the standpoint of regional geography, the Great 
Karroo is a province which covers about 36,000 square miles and is 
inhabited by some 30,000 people 

The earliest systematic European invasion of the Karroo was by Dutch 
cattle drovers, who pastured their cattle in the region after the summer rams 
These cattlemen appear to have migrated from the Gape region of winter rain 
to the interior region of summer rain from season to season, moving their 
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goods and families from place to place in great covered wagons drawn by 
several yoke of oxen 

Apparently as a result of the occupation of the free grazing lands of the 
winter rain region by settlers of more or less sedentary habit, the roving 
Dutch came to spend more and more of the year m the Karroo Since the 
forage is of the nature of browse, wool and mohair are somewhat easier to 
market than cattle where markets are distant m an arid region, the winters drv 
and relatively cool with very little forage, the drovers turned to sheep and 
goats Cattle are practically absent except in the somewhat better watered 
east 33 

Small Amount of Cultivated Land, One of the marked features of 
the agriculture of this region is the small amount of land under culti- 
vation Thus m the Great Kairoo less than 1 per cent of the land is 
in agricultural crops This land is used chiefly for the production of 
forage plants, which are important in an area frequently visited by 
drought Of the crops grown for forage and grazing, alfalfa is rapidly 
increasing in importance It has high feeding value, and its long roots 
enable it to .withstand periods of drought. Of other cultivated crops, 
wheat is most important— a chaiactenstic fact of semi-arid regions in 
middle latitudes 

Semi-Arid Australia— A Pasture and Pasturf-Crop Region 

This region is similar to semi-arid South Africa in several major 
respects. Like that region it is flanked by humid highlands on the east 
and extends to desert on the west It also is bounded by Mediter- 
ranean and humid subtropical lands on the south and low-latitude 
steppe on the north Like the African region, it is important in sheep 
raising But there are also contrasts between these two regions. Thus 
the Australian area is relatively more important in the production of 
wheat, and the raising of goats is of little significance. 

Importance of Sheep Near the close of the eighteenth century 
merino sheep were introduced into the humid subtropical coastal zone 
of Australia, where the first settlements were located Here, however, 
the humid climatic conditions were not the best for the mennos, a 
breed of sheep accustomed to dry highland regions As the population 
increased in this coastal region more foodstuffs were required and the 
sheep were forced out, giving room for more intensive agriculture, 

S3 Repnnted by permission from “The Great Karroo of South Africa,” by 
L. H Halverson, Journal of Geography, Vol, 29, No 7, October 1930, pp 290 
and 291, 
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the production of crops, dairying, and beef raising The sheep in- 
dustry moved gradually across the mountains of southeastern Aus- 
tralia, into the semi-and region At present this area raises more sheep 
than any other region on that comment (Fig 200) 

This area, like most other semi-arid regions, suffers severely from 
periods of extreme drought, the flocks of sheep being greatly reduced 
by starvation Thus Griffith Taylor writes about a great drought 
which culminated in 1902 and resulted in a decrease of the total num- 


SHEEP 



EACH DOT REPRESENTS 100 ODO SHEEP 


Fig 200 The distribution of sheep in Australia Noteworthy is the concentra- 
tion of sheep in the semi-and region of that continent. (After Griffith Taylor ) 

ber of sheep fiom 95,000,000 to 55,000,000 But as more railways are 
built, it will be possible to move the sheep to coastal regions where 
feed is usually available. Thus the tremendous losses of the past are 
not likely to recur. 8 * 

During the early days of the Australian sheep industry there was 
only one major objective in commercial sheep raising— the production 
of wool for the British market In those days transportation was poor, 
the local population small, and mutton almost worthless With the 
progress of settlement the open range began to be fenced for cultiva- 
tion, chiefly of wheat. At die same time, progress was being made in 
the construction of refrigerator ships, and m 1880 frozen meat was 
first successfully carried to London. Cultivation of the land has in- 
creased its capacity to support sheep, and the foreign demand for 

<u Griffith Taylor, "Agricultural Regions of Australia,” Economic Geography, 
Vol. 6, No 3, 1930, p 236 
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mutton has led to the introduction of English breeds and the produc- 
tion of cross-bred lambs r ‘ 

Wheat Production. During normal years Australia pioduces more 
than 100,000,000 bushels of wheat, a laxge part of which is grown be- 
tween the desert and mountains of semi-and Australia (Fig 201) In 
this region, sheep grazing and w heat growing are the two major uses 



Fig 201 Harvesting wheat in a semi-and section of Australia The harvesting 
machines shown in this picture make a 10-foot cut of grain They indicate the 
introduction of large, labor-saving machines into this area 


to which the land is put. Here the inner margin of the wheat belt 
is determined by aridity or the 10-mch isahyet, the outer limit by 
increasing humidity and more nigged topography (Fig 202) . In this 
wheat-producing section, farms aie large in size and usually cover more 
than 300 acres But not all this land is in crops Indeed, in much of 
the region only one-third of the area is under wheat at a time, and 
the dry farming methods of fallowing and careful tilth become in- 
creasingly important as the arid interior is approached, 88 

38 V. C Finch and O E Baker, Geography of the World’s Agriculture, U. S 
Government Printing Office, p 13J. 

38 Griffith Taylor, "Agricultural Regions of Australia,” Economic Geography, 
Vol 6, No. 3, 1930, p 227 
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Semi-Arid Eurasia. 

Flanking the interior middle-latitude deserts of Eurasia, the semi- 
arid regions of that continent are among the most extensive m the 
world One great east-west belt extends from the southeastern part of 
European Russia eastward to the Hwang Ho Basin of China, and 
covers an area of more than 2,000,000 square miles Another large 
stretch of semi-arid land embraces much of Persia and Afghanistan 



Fic 202 Mean annual rainfall of Australia (After Kendrew) 

In general, these regions are covered by grasses and relatively fertile 
soils, and they receive a precipitation of 10 to 16 inches a year, most 
of which falls during the summer half-year But very little accurate 
information is available for the greater part of these areas, the better- 
known sections being located in European Russia and in eastern 
Mongolia 

Features of the Natural Environment. In general, these regions 
contain soils that are relatively ferule These have developed in a 
region in which the precipitation is small, hence they are not leached 
to the extent of soils of humid lands, and they are usually well sup- 
plied with humus, having developed under a cover of native grasses 
Characteristic of the more fertile soils of these areas are the cher- 
nozems, soils similar m several major respects to the black earths of 
the Great Plains of North America 

As a rule, fluctuations in crop yields result not from the lack of 
plant foods in the soil, but instead from the quantity and distribution 
of the rainfall and from the availability of moisture in the soil Thus 
in semi-arid Russia the precipitation varies from 10 to 16 inches per 
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annum The principal climatic disadvantages consist not only in the 
small quantity of precipitation during the year but even moie in the 
irregulai and uncertain distribution during the period of plant growth 
Foi instance, the ram often falls after wheat and rye have completed 
their growth, and thus it is useless In the semi-arid district of the 
Volga River Valley in Russia, the year 1 909 had the lowest precipita- 
tion in a decade, but the crop yields were almost the highest in the 
history of the province The explanation lies in the time when the 
precipitation occurred Since this is a region in which spnng wheat 
is the most widely cultivated crop, rainfall during spring and early 
summer is essential. 117 

Similar climatic disadvantages are found in semi-arid Mongolia, 
where the normal precipitation is sufficient But it is frequently con- 
centrated in six weeks of the summer half-year Sometimes theie is 
absolute dryness until the end of June, which creates extremely un- 
favorable conditions for agricultural enterprises, especially the pro- 
duction of spring grain Even the latei -maturing gram sorghums, 
millets, and corn are injured by such rainfall distribution, since these 
crops are retarded in their growth and are often unable to ripen be- 
fore the time of early frost in the fall 

Agriculture in the Lower Volga Area. This area is typical of a 
large part of semi-arid Russia This Volga region has experienced 
large losses of crops, and at times the government of Russia has been 
forced to take special measures of leltef to save the population from 
starvation Such conditions occurred m 1891, 1901, 1906 , and again 
in 1911 

One of the chief reasons for crop failures in. this region has been 
the irregular precipitation As has been noted, early spring grains, 
particularly wheat, aie the least resistant to spring droughts In this 
region, spring wheat covers 55 per cent of the land. However, an 
increasing acreage is being devoted to sunflowers and com— intertilled 
crops that mature later Since the drought is commonly broken by 
rams in June and July, sunflowers and corn utilize these summer rams 
for their rapid development and continued growth Corn can even 
utilize the August ram, which as a rule can be depended upon (Fig 
176) 

Agriculture in Semi-Arid Mongolia. From the standpoint of crop 
production in this region, the factors of the environment can by no 

87 N M Tulaikov, “Agriculture in the Dry Region of the U S S R.” Econamo 
Geography, Vol 6, 1930, p 61 
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means be called ideal The soil is of good quality, being a fine-struc- 
tured loam After bearing the steppe vegetation through centuries 
it is abundantly supplied with humus and plant foods, which have not 
been leached away in this semi-arid environment But the climate, 
with its marked extremes, often causes unsatisfactory yields The 
winter— a season almost without rainfall and having an average tem- 
perature below zero— is too long and too severe for the production 
of any kind of winter crop Vegetative growth starts very late in 
Mongolia, and frequently the farmers cannot begin sowing before 
June, since the first spring rams come late— a condition that is found 
also m semi-arid Russia Vegetation then springs up quickly during 
the hot days of summer But there are years in which the summer 
is not long enough for the major crops of the region, barley, spring 
wheat, millet, buckwheat, rape, and potatoes, to ripen completely, 

ARID REGIONS OF MIDDLE LATITUDES 

Location, Mountain Barriers, and Climate. The and regions of 
middle latitudes reach their greatest extent in the northern hemisphere, 
where, in contrast to the hemisphere south of the equator, a large part 
of the land lies in the temperate zone In this northern half of the 
world the major regions of aridity are found in western North Amer- 
ica and m inner Asia. The North American region stretches north- 
westward from the intermountam plateau of northern Mexico, reach- 
ing considerable dimensions m the Great Basin of the United States 
This and region of North America is flanked on its western side by 
mountains that run transversely to the rain-bearing westerly winds 
These winds ascend the mountains and expend much of their moisture 
on their windward slopes. Moreover, by reason of the compression 
and warming of the air attendant upon its descent on the leeward side, 
the basins and plateaus located immediately east of these mountains 
r emain and Only on windward slopes of ranges located within this 
region is precipitation sufficient for the production of crops without 
the aid of irrigation. 

In inner Asia, valleys, basins, and highlands interlock. The drier 
interior of the continent is flanked by highland barriers. The Tarim 
Basin (eastern Turkestan), for example, with an average elevation of 
approximately 3,500 feet above sea level, is surrounded on three sides 
by very lofty mountains On all sides it lacks available sources of 
moisture supply. Thus air coming from the north moves from colder 
to warmer regions and its moisture-holding capacity is increased. 
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Winds moving into this region from the east, south, and west descend 
the slopes of highlands and therefore are additionally capable of re- 
taining and absorbing moisture 

To the north the Tarim Basin passes almost imperceptibly into the 
plateau of Mongolia, with its rainless district of the Gobi Desert To 
the south the basin is flanked by the Kunlun Mountains Westward 
and northwestward, it is separated from Russian Turkestan by the 
Tien Shan Mountains These three regions— Turkestan, the Tarim 
Basin, and the Gobi Desert— comprise the important middle-latitude 
arid lands of Asia 

In South America a north-south-trending belt of middle-latitude 
desert is located east of the Andes Mountains, occupying a latitudinal 
position similar to that of Mediterranean Chile on the opposite side of 
the Andes The westerly winds which give Mediterranean Chile a 
winter rainfall expend their moisture on the western slopes of the 
Andes, and upon descending the leeward side their moisture-holding 
capacity is increased 

Native Vegetation and Grazing The greater pait of these and lands 
of middle latitudes is used for grazing, and animal husbandry is m 
general a pioneer enterprise of these lands Where irrigation is lack- 
ing, the indigenous vegetation, composed mainly of xerophytic types, 
is more productive and also more profitably maintained than the ordi- 
nary field crops Animals, easily transported from place to place, can 
be moved to favorable situations when the pasturage in a locality be- 
comes inadequate In addition, large areas of and land are either too 
rugged or too high in salt content to make irrigation agriculture a 
profitable enterprise 

Of the various and regions of middle latitudes, the lands of inner 
Asia are distinctive as pastoral areas Here the thin, straggling herbage 
of summer supports nomadic peoples with their flocks and herds In 
these areas pastoral activities may be traced back to ancient begin- 
nings In fact, goats and sheep, animals which now are widely dis- 
tributed, are believed to have originated somewhere m the dry high- 
lands of Asia 

Irrigation As in the low-latitude desert, so in these and regions 
of middle latitudes, irrigation makes cropping possible where quite 
commonly only the hardy desert shrubs could exist (Fig. 203) Al- 
though they may be handicapped in some respects, irngated districts 
possess a marked advantage over many humid lands m that the water 
may be applied to the land just when it is most needed Where tern 
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peratures aie suitable, irrigation agriculture may be carried on con- 
tinuously, thereby avoiding periods of enforced idleness common m 
lands that must depend upon erratic rainfall In addition, many of the 
soils of these and lands are relatively fertile Since leaching is at a 
minimum, the mineral plant foods and lime have been preserved Only 
the solvent influence of -water is lequired to render these constituents 



Fig 203 Sage brush desert before irrigation, Klamath Project, Oregon-California 
(Courtesy U S Bureau of Reclamation ) 


effective and thereby bring the desert land into line with other agri- 
culturally productive regions The record per acre yields of potatoes, 
sugar beets, and alfalfa in various irrigated districts of our West attest 
this twofold advantage* soils relatively rich, in mineral plant foods, and 
proper watering of die crops, 

Irrigation in arid western United States. In western United 
States there are approximately 23,000,000 acres of land under irriga- 
tion, an acreage which is second only to the total irrigated area of 
India This irrigated land of the United States lies west of the 100th 
meridian and is distributed mainly with reference to streams and catch- 
ment basins (Fig 204). Here the rugged, mountainous surface of 
the land favors the storage of water, and the westerly winds expend 
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their moisture on the highland slopes thereby supplying the streams 
and catchment basins with water 



Fig 204 The irrigated areas of -western United States 


The irrigated lands of our arid West are devoted to a number of 
crops, some of which have been discussed in connection with the 
Mediterranean £nd low-latitude desert regions. Among the major 
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irrigated crops of the middle-latitude desert areas of the West, alfalfa, 
wild hay, barley, wheat, corn, cotton, sugar beets, oats, potatoes, and 
fruit occupy prominent places 

Alfalfa is well suited to these lands This lime-lovmg plant gets a 
good start on the little-leached soils and is capable of thriving even 
m a somewhat alkaline or salty soil. Alfalfa (Arabic al-facfacah, 



Pig 205 Cutting irrigated alfalfa in the and region of western United States 
(Courtesy U S Bureau of Reclamation ) 


good food) is also widely used as a feed for livestock m this part of 
the country, where large areas of land, because of rugged relief or 
difficulty of irrigation, are devoted to grazing. In these regions, al- 
falfa is an important winter feed. Moreover, because of the great 
amount of sunlight natural to these and lands, the harvest may be 
gathered several times a year, and the yield is heavy (Fig. 205). 

In contrast to alfalfa, which is produced mainly for local consump- 
tion, sugar beets and potatoes are widely grown as cash crops In the 
Great Basin, the piedmont areas of Colorado, the Snake River Valley, 
and in the arid Irrigated valleys of Idaho, sugar-beet production is one 
of the major activities of the agriculturists Potatoes are also pro- 
duced in large quantities in these areas, especially in the valleys of 
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Idaho, the Idaho potato being a well-known trade name m the eastern 
markets of the country (Fig 206) 

Apple production is a specialized enterprise in many of the irrigated 
districts of the West, reaching a marked development in various arid 
valleys of Washington Heie the Yakima and Wenatchee valleys, 
with their deep deposits of glacial materials and easy access to waters 



Fig 206 Irrigated potatoes, King Hill Project, Idaho (Courtesv U S Bureau 

of Reclamation ) 


for irrigation, have made rapid development in the production of this 
commodity Other important commercial apple districts of the and 
West are found in southwestern Idaho, northern Utah, and western 
Colorado (Figs 207 and 208), 

Major problems in irrigated districts Irrigation in the West, 
however, is not without risks In some areas the irrigation causes an 
excess of moisture and waterlogged soils, and other areas suffer from 
an excess of alkalies In some districts where the desert soil is porous 
the water sinks easily downward until it is brought up against buried 
layers of impervious rock, In the course of tune this may lead to an 
accumulation of such a large quantity of 1 water that the lower lands 
become waterlogged. Tbs condition is quite common in the Great 
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Basin, of the United States, where the basin character facilitates the 
movement of water to the lower parts of intermontane areas One 
remedy for this supeiabundance of water consists of diggmg ■wells 
and open ditches, the waters of which provide extra supplies for ir- 
rigation 

Alkali refers to the presence of soluble salts in the soil in sufficient 



Fig. 207 Irrigating an apple orchard in Colorado (Courtesy U. S Bureau of 

Reclamation ) 


concentration to injure plants It may, indeed, include salts w'hich 
in small concentration are beneficial to plant growth as, for example, 
nitrate of soda Experience has demonstrated that the alkali evil may 
be greatly aggravated by irrigation, and very often alkali salts appear 
in the surface soil m harmful quantities only after the land becomes 
irrigated Much saline matter, such as sodium nitrate, may be dis- 
solved m the underground water, and it may rise to the surface by 
the process known as capillarity, where, under the influence of the 
su nshin e and dry air, evaporation takes place, the dissolved salts re- 
maining on the surface as a solid precipitate. 

Not all and regions are affected by alkali, but and conditions in 
genetal favor the accumulation of alkaline salts; in humid regions. 
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the abundant rainfall, together with natuial drainage, pievents this 
harmful accumulation of soluble salts. This observation of the general 
lack of injurious alkali m humid lands suggests a method that is effec- 
tive in removing this substance m some and regions When the 
o-round water of a field to be cultivated is found to contain an excess 



Fig 208 Showing the packing room of the American Fruit Growers of Yakima, 
Washington. (Courtesy Better Fruit Magazine ) 


of alkali, this injurious substance may be removed by inundating the 
field with good (fresh) water After the ground is sufficiently soaked, 
drainage is effected by the digging of suitable ditches, thereby washing 
out the alkali 88 

Pasture versus Agriculture of Arid Asia East of the Caspian Sea 
is situated a large area that is normally too dry for crop production 
without irrigation Nevertheless these dry lands support large num- 
bers of cattle, horses, sheep and camels A large expanse of this dry 
steppe is required to feed a herd of cattle or flock of sheep Conse- 

a«E. H Carrier, The Thirsty Bmb t Christophers, London, 1928, p, 157 
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quently nomadic herdsmen are compelled to wander over large areas 
Many deep wells are required to water the livestock since the region 
has few permanent streams 

The southern part of this zone is desert (Figs 71 and 176) and is 
visited by hot, dry winds during the summer season The soil is 
fertile and yields large crops when properly irrigated Cotton is the 
major crop The quality of the cotton is good and the yield per acre 
is large Russia is now the second largest cotton-producing country 
m the world with an estimated output of 2,700,000 tons (10,800,000 
bales of 500 pounds each in 1938) 30 

The Tanm Basm, located in the interior of Asia, is similar m various 
ways to the Great Basin of the United States. It is an arid region 
with an interior drainage system in which irrigation agriculture is one 
of the major activities of the inhabitants Here the people have done 
their best with the water that is available, and along the edge of the 
basm at the foot of the Tien Shan Mountains there is a considerable 
number of oases, both large and small These lie athwart an ancient 
caravan route hke beads upon a thread The permanency of these 
oases is due to the water supply obtained from the adjacent high- 
lands, and to the configuration of the ground, which is of such a 
nature as to be advantageous for irrigation purposes Among the oasis 
towns located in this area are Yarkand and Kashgar, cities that long 
have functioned as trade centers in this inner heart of Asia. The 
cultural landscape of these towns reflects low, flat-topped houses sur- 
rounded by gardens and fields of rice, wheat, maize, mulberry, cotton, 
and fruits These gardens contain fertile unleached soils, which have 
developed in silt carried by winds and by irrigation streams m flood 
season 

The Arid West of Argentina. Although more than half the land of 
Argentina receives too little rainfall for the cultivation of crops with- 
out irrigation, only a relatively small area is irrigated Much of this 
irrigated land is located in the and west of Argentina, at the base of 
the Andean slope, where the soil contains relatively large amounts of 
coarse sand and gravel In this and region, water is obtained from the 
Andean streams, which flow out upon alluvial fans, supplying water 
to the irrigation ditches and canals Here storage reservoirs of large 
capacity are not used This part of Argentina has two specialties— the 
vine and the sugar cane Here the provinces of San Juan and Mendoza 

*• James S. Gregory and D W Shave, The U.S SR -A Geographical Survey , 
John Wiley & Sons, 1946, p 190. The Statesman's Yearbook , 194<5, p 1223, gives 
a production of 10,760,000 bales of 500 pounds each 
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togethei produce 95 per cent of the native wine Vineyards are culti- 
vated halfway up the sides of the alluvial fans found in these aieas, the 
gravel of the summits being too coarse and the bases too wet Because 
of the dry atmosphere of these irrigated areas the harvest may con- 
tinue for as much as two months without any injury to the grapes 
In addition, the quality of the grapes, with their somewhat high 
amount of sugar and low amount of acid, prevents fermentation taking- 
place without exterior aid 

Tucuman, the smallest province in Argentina, normally produces 
more than three-fourths of the cane sugai consumed in that country 
But here production fluctuates widely from year to year mainly be- 
cause of frost and extremes of drought In fact, during years of 
record production more than 900,000,000 pounds of cane sugar are 
produced, whereas during poor years the yield has been less than 
200,000,000 pounds. 
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Located northward beyond the waving giam fields and busy harvest- 
ing outfits of the spring-wheat belt is the first of the high-latitude 



Fig 209 The northern forests of both North America and Eurasia are largely 

undeveloped. 


regions— the coniferous forest, This great subarctic belt is confined 
to the northern hemisphere and in America includes the forested in- 
teriors of Alaska and of Canada almost as far south as the St. Lawrence 
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CLIMATE 


S13 


River In Eurasia this high-latitude region embraces those parts of 
central Sweden and Finland, and north central Russia and Siberia, 
wheie the forest is dominant (Fig 209) Thousands upon thousands 
of square miles of this region are as yet practically unexplored and 
unmapped (Fig 210). Bleak, frozen, and snow-covered during the 
long, cold winter, much of it a drippmg muskeg swamp dunng the 



Fig. 210. The natural landscape of a northern coniferous forest area located in 
Ontario, Canada (Courtesy Department of the Interior, Canada) 


short, hot summer, this region has offered scant encouragement to the 
agricultural settler A few valuable raw materials such as furs and 
precious metals have come out of it. But not until the era of twentieth- 
century man with his need for huge quantities of cheap timber, paper, 
basic minerals, and water power has there been any systematic attempt 
to develop all its natural resources 

CLIMATE 

The climate of the northern forest is interior continental of the 
subarctic type with an extreme seasonal range. Seven months of 
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winter and three months of summer are connected by a month of 
spring and an equal period of autumn. Winter is the dominant sea- 
son, and throughout most of the region it comes early and stays late 
In September, the temperature drops rapidly and severe frosts begin 
On the poleward margins of the region they may occur even earlier 
than September, as at Dawson on the Yukon and along the Amur 
River of Siberia where a killing frost is usually expected before the 
last week in August Snowfall begins in September, and before the 
end of November the forest is covered with the first layer of its annual 
blanket of snow Month after month the steady, intense cold is broken 
only by snowstorms and by occasional waves of still colder weather 
This is the region of the lowest temperatures evei recorded, —93 6° F 
at Verkhoyansk, Siberia A drop of 40° within a period of 24 hours 
is not uncommon 

The coming of spring is long delayed. A1 hough the snow often 
begins to disappear in April, and growth of vegetation commences m 
May, the last drifts in the deepest woods are sometimes not entirely 
melted until midsummer As late as June m northern Russia banks of 
snow may be seen on the wooded northern slopes In spite of the 
unmelted snow, the seasonal transition period is short and spring 
rapidly merges into summer On a northern river the break-up of 
the ice is the traditional beginning of spung After the ice has gone 
out with a crash and a roar, a few weeks finds the region m the midst 
of a short but intense summer. Midsummer temperatures of 80° F are 
common, and even 90° F and over have often been recorded as far 
north as James Bay 

The range of temperature between wintei and summer is one of the 
most significant features of northern climates The record minimum 
in Siberia has already been mentioned, the town of Dawson has reg- 
istered temperatures of —68° F and of 95° F Although in the south- 
ern margins and even in the central part of this region such extremes 
are not experienced, the average temperature spread is fai greater 
than in temperate regions 

The extreme range m temperature is matched by the seasonal change 
m length of day and night During the winter the nights are long 
and the hours of daylight correspondingly short On the winter 
survey for the Hudson Bay Railroad the engineers would be at work 
long before daylight only to find the sun setting rapidly by three in 
the afternoon But during the brief summei, daylight lasts from 
eighteen to twenty hours or even longer, for in July the sun rises at 
three o’clock m the morning and does not set before nine at night 



SURFACE CHARACTERISTICS AND SOILS SIS 

With the sun pouring down its rays for so many continuous hours 
each day, the land warms up to a remarkable degree Summer days 
are often as hot as those of the continental spring-wheat or corn belts 
The short nights aie cool, however, and the northern half of the region 
is never free from the menace of frost, there may be a sharp drop in 
temperature nearly any night during midsummei Ernsts m June 
have often occurred around James Bay 

Precipitation is so slight, 7 to IS inches annually, that except for the 
low rate of evaporation most of the region would be semi-desert. In 
fact, so little of the moisture is lost that tree growth and the produc- 
tion of certain of the hardier crops are possible Nearly half the 
total annual precipitation comes in the form of ram during the three 
summer months of June, July, and August, the winter snowfall is 
sometimes so scanty that it is difficult to measure The extremely dry, 
granulai snow is quite unlike the thick blanket of wet, flaky snow 
common to middle-latitude climates The amount of both summer 
rainfall and winter snow diminishes from south to north 

SURFACE CHARACTERISTICS AND SOILS 

A large part of the surface of the northern forest regions consists 
of hard crystalline rocks, which constitute the remains of more ex- 
tensive highlands on which erosion has taken place through geologic 
time Matenals removed from these highlands at present make up 
extensive sedimentary formations in adjacent areas This hard-rock 
surface is found m the Canadian Shield (Laurentian Upland) and the 
Fenno-Scandian Shield of northwestern Eurasia. Such hard locks 
weather at a relatively slow rate, especially m these regions in which 
chemical weathering is narrowly limited because of low temperatuies. 

The land surface of these regions is not only hard but it also reflects 
the effects of glaciation. The best soil was scraped off by the south- 
ward-moving continental glaciers, which have carved out many glacial 
lake basins, Northern Canada, Sweden, and Finland contain thou- 
sands of lakes and also swampy and marshy surfaces, sometimes known 
as muskeg It is estimated that Finland contains more than 50,000 
lakes of various sizes, its inland waters covering 12 per cent of the 
total area Many of these lakes and swamps are the result of glaciation, 
Finland having been covered several times by the great ice sheets 
which spread out over Europe from the Scandinavian Peninsula as a 
center The melting ice left its mark on the surface of the country, 
which today, m addition to the lakes, is thickly strewn with moraines, 
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bouldeis, and gravel deposits Much of Finland’s aiea is unsuitable 
for cultivation and will probably never be put into ciops 

The northern forest is considerably dissected by rivers, most of 
which flow northwaid because of the general slope of the land in 
that direction The mouths of these livers are, of course, therefore 
farther north than the middle and upper parts Thus, while the 
southern, upper courses of the rivers and streams are melting, the lower 
parts remain ice bound, thereby creating undesirable drainage con- 
ditions In fact, hundreds of thousands of acres of land, especially m 
northern Eurasia, become extensive, inaccessible swamps during a 
part of the year 

Over large areas the soils are the true coniferous forest, podzolized 
types (see pp 95 and 100) They are mostly clays and light loams of 
relatively youthful profile, but amply fertile for the growth of forests 
and for the production of crops that can thrive under the harsh 
climatic conditions of high latitudes The best soils are found mainly 
m relatively soft, sedimentary formations that flank the hard-rock 
shields and in basins created during glacial times. Glaciers receding 
northward sometimes blocked northwaid-flowmg livers to such an 
extent that lakes of considerable dimensions were formed. In these 
lake basins, sediments were deposited which m some areas have 
weathered into fertile soils. 

Over considerable areas, soils are non-existent As has been stated, 
the hard rocks weather slowly under the low temperatures of these 
areas, and in the past glaciers have removed much of the best soil 
Moreover, where drainage is poor physical conditions do not favor 
the development of soils It is partly because of the extensive areas of 
rock waste, swamp, and general paucity of soils that such small per- 
centages of cultivated land are found m regions located within the 
northern coniferous forest 

Natural Vegetation. Upon the ancient hard-rock surface of the 
northland, blades of grass and small plants have grown m the sedi- 
ment of crevices and have decayed to form the basis for still more 
plants Shrubs and trees have fed upon the remains of those that have 
gone before In places this deposit has taken the form of muskeg, a 
conglomeration of mushy roots and decayed vegetation which covers 
thousands of square miles of the region. In places the rocks are within 
a few feet of the surface, in others the muskeg is scores of feet deep. 
Except where the bare rock is exposed, or where muskeg, swamps, or 
lakes exist, there are usually thick coniferous forests, growing down 
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to the rocks and spreading their roots like ticmendous fans throughout 
the soil of foimer vegetation growths 
The best forest areas follow the general direction of the isotherms 
As a lesult of variations in temperature and precipitation these areas 
shade into prairies or mixed hardwood and softwood forests on the 
south and into the tundia on the north The trees nearest the tundra 
margin have been stunted to such an extent that the forests can never 
be of much economic value for their wood Tiees 50 years old may 
be only a few inches m diameter and less than 10 feet high 
Even throughout the better forest areas theie are innumerable 
swamps, glacial lakes, and rivers During the hot summer the stagnant 
muskeg swamp is an excellent breeding place for insects, clouds of 
mosquitoes and vicious swarms of black flies are a common annoyance 
to all who try to penetrate the swamp areas during the warmest 
months 


THE PUR TRADE 

Trapping and the Fur Trade. As a material for clothing the skins 
of animals probably go farther back into antiquity than any other 
fabric. Primitive man was a meat eater, and when he slew a wild 
beast he obtained at one stroke both food and a covering of a thicker 
and warmer skin to protect his own. To modem mankind, clad m a 
variety of fiber textiles and insulated from cold by a number of in- 
genious devices, furs are not the necessity they were to the cave man 
of central Euiope. But because of their beauty and superior heat- 
conserving properties, they are in as great demand as ever and are 
one of the most prized commodities man— and particularly woman- 
buys Furs have consequently become a luxury garment m many 
lands, where they are worn more for their beauty, style, and costliness 
than because they are needed for warmth 

Fur-bearing animals are found nearly everywhere, not only in the 
cold zone and m temperate lands, but even in the tropics 1 Cheaper 
furs tend to come from the warmer lands, those of the finest quality 

1 Monkey fur from the tropics and white fox from the northern ice cap are 
now auctioned at the same fur sale From Louisiana with its subtropic climate 
there were sold in one year 7,000,000 pelts worth over $6,000,000, most of them 
muskrat, an animal exceedingly prolific and abundant in marshes Pelts from 
Argentina, Paraguay, and Uruguay are collected at Buenos Aires for shipment, 
and furs from mountainous Asia are marketed through Bombay, Many of the 
best tropical pelts, however, arc taken in high altitudes where the coolness of 
the north is partially duplicated 
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and the highest value come from regions of severe winters, usually 
the northern forest and, to a lesser extent, the tundra The fact that 
fine-quality fur is dependent upon cold climate is usually well under- 
stood Not so well recognized is the relation between quality of fur 
and the amount of forest cover A trade commissioner of the Hud- 
son’s Bay Company states that the finest furs are obtained in the most 
densely wooded districts, and the depth of coloring and luster of pelt 
increase in direct proportion to degree of forestation, because of 
shelter, shade, and better food 3 Whatever else it may lack, the north- 
ern forest is ideally suited to the production of fine-quality furs 
Although many high-grade skins are taken m the tundia region, its 
open coast and bare winter plains are poorly equipped by nature to 
shelter and feed large numbers of animals 

Hunting and trapping was probably the first commercial industry 
in the northern forested areas of both hemispheres. Long before the 
discovery of America, the fur business was ages old m the forests of 
northern Europe. In that period when the trade of the medieval 
world centered m the Mediterranean Basin, furs from the Baltic were 
part of every return cargo from Hanseatic ports Siberian furs made 
their way slowly through the devious paths of the interior until they 
reached Moscow and Leipzig Furs from north of the Amur were 
bartered m Peking. In an age when houses were poorly constructed 
and even baronial castles in southern Europe were bitter cold during 
the winter, the importance of tins trade to mankind cannot be over- 
estimated 

Soon after the early navigatois carried back to Europe the report 
that there was a new fur-bearing land in the North American conti- 
nent, fairly teeming with animals, there was a rush of exploiters across 
the Atlantic. The eastward-flowing rivers offered access to a virgin 
interior, but not one tapped such a rich field as the broad St. Lawrence 
The Indians, with their accumulated stores of beaver and otter skins, 
were at once the object of much commercial zeal Explorer, trapper, 
and trader bought pelts for a mere pittance, and soon thousands of 
bales of these skins began to flow back to the waiting markets of 
Europe Old stocks were purchased and the Indian was urged to 
secure new supplies Even fishermen from France and Spam, inter- 
ested primarily m codfish of the Newfoundland banks, found time to 
ascend the Saguenay and barter trinkets for pelts Such was the value 

* H A Inrus, The Fur Trade of Canada, University of Toronto Library, 1927. 
At) excellent and authoritative discussion of the fur industry. 
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of the business that it was not permitted for long to go unorganized, 
and powerful companies were formed A desperate struggle for com- 
mercial supremacy affected the North American continent from one 
end to the other. In this battle of the fur giants, the Hudson’s Bay 
Company gradually won out and finally came to hold sway over the 
greater portion of forested Canada Montreal, with its strategic loca- 
tion as a collecting as well as a shipping point, became the foremost 
fur center in the New World, and has retained this prominent posi- 
tion 

The earliest fur routes blazed by trapper and trader have long since 
become Canada’s principal commercial routes, traversed by railroads 
and lined with permanent settlements Trading posts have grown into 
modern cities. But new fur trails like outstretched groping fingers 
have penetrated even deeper into the unsettled back country, and new 
fur stations have been established to meet the pressing needs of the 
business Around Hudson Bay, on most of the larger interior lakes, 
down the Athabaska, Slave, and Mackenzie rivers, the Hudson’s Bay 
Company has located its posts Even in the frozen tundra region 
and along the Arctic Ocean there is a chain of fur posts from the delta 
of the Mackenzie River to the coast of Victoria Land, a distance of 
more than a thousand miles The log store of the Hudson’s Bay Com- 
pany is ever the last outpost of civilization in the Far North 

The trapping business of Canada is carried on mainly by Indians 
and half-breeds, with here and there a sprinkling of adventurous and 
haidy white men. Every fall before the rivers freeze over, thousands 
of trappers leave the posts with a store of supplies— flour, bacon, dried 
fruit, steel traps, blankets, guns, and ammunition— usually purchased 
on credit, and m quantities sufficient to last until the following spring 
Winter is the trapper’s work season When land and water are frozen 
solid all the disadvantages and annoyances of swamp, muskeg, mos- 
quitoes, and black flies disappear This is also the time of year when 
pelts are “prime.’’ The trapper makes a permanent camp on some 
northern lake or river from which he sets and runs his line of traps 
and hunts with rifle during the long northern winter. In the late 
spring after the break-up of the river ice he returns to the trading 
post with his winter’s catch The factory buys the furs, deducting 
the value of the supplies advanced, and for the trapper there ensues 
a summer of unemployment seldom broken until he sets out for his 
next winter’s work 

The annual value of all pelts purchased from the trappers and fur 
farmers of Canada during the decade 1935-1944 ranged from fl 3,000,- 
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000 m 1938 to $33,000,000 in 1944. Approximately 95 per cent of these 
pelts were taken in the northern forest Most of the remainder came 
from the Rocky Mountain area. More than 25 per cent of the pelts 
came from fur farms. Montreal is the leading Canadian market for 
furs, but auction sales are also held in Winnipeg, Edmonton, Toronto, 
Regina and Vancouver 8 

The Pur Business in Eurasia. Fur hunting is one of the most profit- 
able industries carried on by the scattered population through the area 
of northern forested Soviet Union This area is one of the world’s 
important sources of furs Although there is no single organization 
corresponding to the Hudson’s Bay Company with its chain of posts, 
the trading methods are quite similar to those of North America, but 
for the fact that the trappers often form bands of as many as 48 men 
to operate m a given area Trapping goes on steadily throughout the 
winter until large stores of pelts are accumulated, and with the coming 
of early summer the trappers bring their stock to one of the Siberian 
rivers or to the railroad where skins are sold or bartered for goods and 
provisions. Traveling fur merchants formerly carried on large-scale 
buying operations over a wide teintorv, dealing not only in the more 
valuable furs such as mink, sable, and ermine, but m the cheaper ones 
as well. It is not uncommon for a single trader to buy as many as 
a million squirrel skins in a season After World War I, furs became 
a government monopoly in Soviet Russia, and now they reach the 
market through official channels 

Riga, once an important outlet for the north Eurasian fur crop, is 
no longer Russian teintory, and Moscow is the recognized primary 
market Leipzig was for many years before World War I the best- 
known European fur market and the centei of a large dressing and 
dyeing business. But when the war cut off the supply of Russian 
pelts, Leipzig lost its supremacy and has been unable to regain it In 
normal times Peiping is also a buyer of Siberian furs. 

Over-Exploitation of Native Fur-Bearing Animals in the Northern 
Forest. The rapidly mounting price of pelts after World War I 
caused a wave of intense and ruthless trapping which threatened the 
complete extinction of the more valuable furred animals The in- 
creasing demand for furs resulted in the rapid depletion of the musk- 
rat, fox, raccoon, and skunk. Canada became alarmed at the rapid 
destruction of one of her most valuable industries— fur production— 
and passed a number of regulatory measures designed to preserve the 

8 Canadian Year Book, Ottawa, Canada, 1947, pp 419-424. 
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native fur-bearing animals in those regions well suited to them but 
otherwise of little present economic value Owing to the ignorance 
of many of the trappers and to the ease of evading the law, these 
regulations have been only partially successful as conservation meas- 
ures. 

Fur Farming. It has long been the practice in Canada for the 
trappeis to keep alive, when possible, foxes caught in waim weather, 
until winter when the fur is prime This method of canng for foxes 
resulted in the development of the modem industry of fui farming— 
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Fit.. 211 Minlis and silver foxes are the major fur-bearing animals raised on the 
fur farms of Canada (Data for 1946) 


the raising of fur-bearing ammals m captivity The beauty of the 
fur of silver foxes, and the consequent high prices lealized fiom the 
sale of their pelts, caused attention to be directed to the breeding of 
these animals m captivity This development took place during the 
early years of the present century 
For the first several years of its development, the fur-farming in- 
dustry expanded so rapidly in Canada and abroad that the chief source 
of income of ranches was the sale of live ammals for breeding pur- 
poses Animals were so valuable that the production of pelts was a 
minor feature of fur farming. Thus, in 1925, a pair of high-grade 
silver foxes was worth $45,000 on the ranches of Canada, and the 
total value of live silver foxes sold was $2,755,000, while the value of 
the pelts sold was but $736,000. As the number of foxes on fur 
farms increased, ranchers had to readjust their economy to declining 
values of both ammals and pelts By 1944, good silver foxes could 
be purchased for $200 a pair. The total value of all silver foxes sold 
in 1944 was only $328,000, but the value of silver fox pelts was 
$4,241,000. 
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The development of the mink mdustiy is now progressing rapidly 
since this animal thuves in captivity when well caied for Attempts 
are being made to raise other lands of fur-bearing animals on farms, 
especially the raccoon, skunk, and chinchilla, but the results have not 
been encouraging (Fig 211) 

Although fur farming is being carried on in many places through- 
out Canada and the Umted States, the northern forest affords the best 
environment for this mdustiy The superior coloring and softness 
of the pelts secured through trapping in tins region are apparently 
equaled by those pioduced on the ranches 

Fur farming has now passed through the experimental stage and 
has become recognized as a permanent branch of animal industry, in 
which certain animals are bred and raised for their pelts just as others 
are now raised for meat, hides, and wool. This industry more nearly 
fits northern-forest conditions than does the production of gram or 
beef Poor soil and rough topography are not obstacles to the fur 
farmer— the long, cold winter is actually an advantage, since the 
quality of the pelt is greatly improved by a season of steady severe 
cold The raising of fur bearers in captivity may even be the begin- 
ning of new strains of domesticated animals, although it will prob- 
ably be some time before they can be turned loose around the barnlot 
like pigs and sheep 

FORESTS AND FOREST INDUSTRIES 

The northern coniferous foiest has become one of the most im- 
portant commercial sources of timber for the entire world Modern 
man with his constantly growing demand for wood has been rapidly 
consuming most of the timber in the temperate zone. In the Umted 
States all the better stands of softwoods in New England and the 
lake states have been depleted, softwoods from the southern pine 
belt and the Puget Sound region are now furnishing the bulk of the 
timber needed in the United States But already the Umted States 
is beginning to import large quantities of wood from forested Canada 
In Europe all the best agricultural land has been deforested and set- 
tled, and consequently at present most of the timber comes from the 
sandy, mountainous, or cold lands. The Scandinavian Peninsula, Fin- 
land, and the Soviet Umon have become the mam timber sellers of 
Europe This trade was badly disrupted by World War II in Europe. 

Canada. This great forest includes the northern softwood belt and 
the subarctic forest belt (Fig. 212), and it covers more than one-half 
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of the land area of Canada. It extends from the Atlantic Ocean to 
Alaska and is hundieds of miles wide Not all this area is covered 
with forests Some of the highlands, especially those near Alaska, 
are too cold for forest growth and are designated as tundra. These 
highlands are irregular and scattered Consequently the exact bound- 
aries between the forests and the tundras are unknown m such a 
wild region. No attempt has been made, therefore, to indicate the 



location of the several tundra regions that lie within the bounds of 
the northern forest 4 

The nature of the forest The principal trees of the Canadian 
northern forest are white and black spruce, balsam fir, poplars, white 
birch, and jack pine 

Not all the northern forest region is covered with usable timber 
Probably one-half of it consists of lakes, swamps, muskegs, or barien 
rocks Even much of the timber is of poor quality. No sharp line 
of demarcation can be drawn between the real commercial timber 
areas and the woodland of the scrub variety, which, though inferior 
as saw timber, can often be used for mine props, pulpwood, and fuel 

4 A map, general in. character, showing the tundra areas within the northern 
forest is given in the Canadtm Year Book, Ottawa, Canada, 1938, between pp 
282 and 283, and also in the 1947 edition between pp, 384 and 385 
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The first superficial explorations of Canada were followed by tim- 
ber estimates far too large, since the timber exploreis oftentimes fol- 
lowed the river courses and estimated the inteistream areas as a solid 
timber stand, when many of them were largely covered with open 
lake or rock country or even scrub timber The amber-bearing region 
of the Canadian northern forest may be divided, m a general way, 
into three commercial areas as follows (1) the southern or more 
accessible parts of the northern softwood forest (Fig. 212), (2) the 
northern or less accessible parts of the northern softwood forest, and 
(3) the subarctic forest. 

Commercial development The wood pioducts of the more acces- 
sible northern softwood area aie already being used in large quanti- 
ties In general the best commercial forests of Canada he in that 
part of the region where the rivers flow southward to the St Law- 
rence This area has thick stands, and the trees are bigger and better 
than in areas farther to the north Also the rivers are an aid in get- 
ting the timber out The southward-flowing rivers, such as the 
Ottawa, are jammed with logs and pulpwood southbound to the 
sawmills and pulp mills During the decade 1935-1944, the pulp- 
wood demands on the forest have averaged about 8,000,000 cords 
annually with the trend of production upward The production in 
1944 surpassed 8,800,000 cords 

All pulpwood cut on Crown lands must be manufactured into pulp 
in Canadian pulp mills unless special permit is obtained from the 
government for the export of the wood The pulpwood which is 
exported is therefore cut from private lands Since the forests of 
private ownership are being lapidly depleted, it is to be expected 
that an increasing percentage of Canada’s pulpwood will be manu- 
factured into pulp in Canadian mills. Naaonal industry is thereby 
fosteied. 

During 1944, Canadian mills turned out 5,271,000 tons of wood 
valued at approximately $105,000,000 In other words, the value of 
the product was more than doubled through the process of manu- 
facture This fact indicates why Canada has passed the law pro- 
hibiting the export of pulpwood obtained from Crown land. 

At the present rate of production Canada’s pulpwood supply would 
last only a few decades except for reforestation. Even with the aid 
of the excellent reforestation methods now being introduced, the 
pulpwood industry is compelled to push farther and farther north 
The northern part of the northern softwood forest belt (Fig. 209) 
is relatively inaccessible. The wood is of relatively little value except 
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as fuel, mine props, 01 homebuilding materials Since few people 
live in this area the demand foi these products is exceedingly small 
The subarctic forest will probably never be of commercial value 
except for minor local uses The severity of the climate limits the 
size of the timber and also its value. Much of the timber is (I) too 
small to make lumber, (2) poor m quality, (3) badly burned over, 
and (4) hard to get out. 



Fig 213. Floating logs to the pulp mills 


Canada’s new concept of timber— a crop to be grown rather than a 
mine to be exhausted— is particularly applicable to much of Canada’s 
timber area. Most of Canada’s timber land is not adapted to agri- 
culture and should be permanently given to softwoods Unfortu- 
nately, many of these forests have suffered great destruction from fire 
Then, too, the rate of growth is slow. 

Canada as a source of pulpwood has been vividly portrayed as 
follows “Along the railroad tracks, beside filmy, rutty roads, stretch- 
ing into the swampy bush, everywhere, it seems there displays itself 
the steady stream of pulpwood, piled beside the cut-up mills in veri- 
table mountains, or rolling forth white and shiny from the rossing mills 
which have removed the bark and made the wood ready for grinding, 
pulpwood piled in the streets of little towns, jamming the rivers. 




*2 6 


THE NORTHERN CONIFEROUS FOREST 


crossed and locked and piled like jackstraws flung from the hand of 
a giant into the back swirl of a rapids, rolling down the skidways, 
loafing at the banks of eveiy sluggish stream— such is pulpwood, travel- 
ing onward to the mills which have sprung up like magic in the 
North Country” (Fig. 213) 

Eurasia The coniferous forest belt of Eurasia extends from Scan- 
dinavia eastward across Finland and northern Russia to the Urals 
and onward across Siberia to the Pacific A comparatively large 
portion of the region should be kept permanently in forest since the 
summers are too short for much agricultural development 

Forest Industries of Russia. The forest resources of Russia have 
been estimated at 1,527,300,000 acres, of which 370,000,000 acres he 
in Soviet Europe The finest of these forest areas are situated north 
of latitude 60° N m areas drained by the Onega, Dvina, Mezen, and 
Pechora rivers These rivers are lelatively ice free for 160 to 180 
days each year, during which time millions of logs are floated or 
shipped from the interior to Archangel, Mezen, Onega, Pustozersk, 
and other ports oi shipping points along the northern coast of Russia 
(Fig 176). 

Normally, forest products represent the second largest export ofi 
the Soviet Union, being surpassed only by wheat. Most of these 
forest products go to countries of northwest Europe Prior to World; 
War II the shipments from Archangel alone exceeded 8 billion board 
feet m a single year, and some of the shipments have been billed to 
aieas as remote as Cape Town, South Africa 

Formerly lumber exports from the northern parts of Russia weie 
confined to the summer months Now icebreakers keep several ports 
open for eight or ten months a year, and Archangel is kept open 
all year except during a few weeks in the spring when the ice goes 
out of the Dvina River 11 

The lumbermen live in log houses, burn wood as fuel, and help 
support themselves by growing cabbage, lettuce, beets, strawberries, 
and other quick-maturing food crops. A few cattle, fed on locally 
grown hay, are kept for their dairy products. 

Many sawmills aie operated in the southern margin of the forest 
to supply local needs and to produce lumber for the vast section of 
grassland to the south. However, most parts of these grasslands pos- 
sess meager transportation facilities aitd lumber products are expen- 
sive Consequently, the pqor agricultural peasant and even the urban 
population must get along with a minimum of lumber products 
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The Soviet Union has made little progress in the woodpulp and 
paper industries Her potentialities for the manufacture of these 
products are tiemendous If or when Europe becomes a piosperous 
continent again, the paper industry of Russia may be expected to 
mciease rapidly. 

Sweden. About 5 3 per cent of the area of Sweden is covered with 
forests, pine, spruce, and fir being the predominant species Nearly all 
the northern pait is forest-clad or barren, little land being suitable for 
agncultuie Most of the land not suited to aguculture is in forest 
growth of some sort Sweden is wisely leaving this noithern area in 
the crop for which it is best suited 
It has been said that the future of Sweden lies in the proper utiliza- 
tion of its forests No other country except perhaps Finland relies 
so heavily on the products of the forest for national welfare. Wood 
products form 40 to 50 per cent of the annual Swedish export, and 
Sweden is the leading wood-exporting country in the world unless 
recently surpassed by the Soviet Umon 6 The export value of these 
products increased from about $25,000,000 in 1903 to $200,000,000 
m 1937 Woild War II practically stopped Sweden’s exportation of 
wood products In the future, Russia will be a strong competitor 
for the wood products market of northwest Europe 
As m northern United States and Canada, Sweden’s lumbering opei- 
ations are carried on largely in the wintertime when snow is on the 
ground. Then in the spring, when the streams are flooded, the logs are 
floated down from the mountain with the spring freshet Heavy 
snows m the mountains produce spring freshets which carry the log 
drives, and a single river sometimes floats down to the mills from 
8,000,000 to 14,000,000 logs each year Sawmills are located at falls 
m the rivers, sometimes at the coast Steamers loading with lumber 
are a familiar sight in summer along the Swedish coast. 

Not all the Swedish timber is suitable for lumber, because of the 
severity of the climate in northern Sweden, trees grow slowly and 
many are stunted and inferior The smaller growth is suitable for 
pulpwood, however, and Sweden has become one of the foremost 
makers and exporters of both woodpulp and paper 
Sweden is one of the few countries in the world which is growing 
trees faster than it is cutting them. Tins is quite the reverse of the 
American method. The Swedes decided that they must put their 

6 Sweden lies partly m the continental type of climate, where agriculture is the 
dominant industry, and partly in the northern forest, where woodworking is the 
most important industry 
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leading industry on a permanent basis and guard against timber deple- 
tion. Timber is a valuable asset, it must be safeguarded as an annual 
source of wealth, not cut recklessly and the thm soil allowed to 
become waste land 

The government forest policy, as worked out some years ago, calls 
for a limitation of cutting to the amount grown every year No more 
timber can be cut annually than replaces itself, either by natural means 
or by scientific reforestation methods As fast as the forests are cleared 
of marketable timber the aieas aie replanted, so that Sweden will be 
assured of a peimanent wood industry Part of the reforestation is 
being carried out by private owneis, part by the government Many 
of the Swedish forests aie municipally owned 
In a typical forest about 100 miles north of Stockholm a timber crop 
has been harvested regulaily for several centuries Today this forest 
contains more millions of feet of lumber than it did a century ago 
In it is found every stage of growth from the tiny seedling to the 
full-grown lumber tree awaiting the sawmill 
Finland Tiees are by far the most valuable national resource m 
Finland Their importance is forcibly indicated by the fact that, be- 
fore the war with the Soviet Union, woodworking industries em- 
ployed nearly one-third of all industrial workers, and their products 
constitute approximately one-half of all exports The greater part of 
the country lies m a belt of coniferous forests, with pine, spruce, and 
fir predominating In the far north the timber becomes smaller and 
less valuable, grading off into the subarctic birch trees, m the extreme 
south there is a narrow belt of hardwoods 
About 60 per cent of the entire country is forested (62,429,000 
acres), or there are 17 acies of foiest for every person in Finland 
The government owns approximately one-third of the forested area, 
the remaining two-thirds is privately owned (35 and 65 per cent) 
In southern Finland theie are large private forests of great importance 
Pine was originally the most valuable of the conifers, but it is being 
gradually superseded by spruce, which now has first rank, further- 
more, there is a growing demand for spruce pulpwood which has led 
to an mcieased acreage of this forest species Of the hardwoods, birch 
is most widely distributed Black alder and white alder are also found 
Aspen is used m some sections for match and pulp making, although 
Finland has been unable to compete with Sweden in the manufacture 
of matches Efforts are being made to discourage the cutting of small 
trees required for round timber and props. Many of the privately 
owned forests have decreased in value owing to excessive cutting and 
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wasteful clearing of land foi agucultuial use The state-owned forests, 
m contrast, are well managed The government, through legislation, 
subsidies, and forest bureaus, is doing much to educate the Finnish 
faimei in forestry All matteis pertaining to the forest policy are con- 
trolled by the Board of Forestry under the Ministry of Agriculture 
Pulp and paper mills have bought large tracts of land in order to con- 
trol and insure then own supply of law materials To the north, two- 
thuds of the entue cut is saw timber. 

The export of timber is encouraged by the ease of water navigation 
The gulfs of Bothnia and Finland provide access to the Baltic and 
Noith seas and permit timbei vessels from all over the world to load 
with ease m Finnish ports Government icebreakers keep the ports 
of southern Finland open the year round so that there is little mter- 
luption of the timber trade during the winter The state railways 
penetrate not only the better agricultural regions of the south but also 
the more lonely forested areas of central and northern Finland 

POWER AND MANUFACTURING 

Hydroelectric Development A large part of the northern forest 
legion of Canada is designated as the Laurentian Shield, an ancient 
land mass with its surface dotted with innumerable glacial lakes This 
low plateau provides a natural catchment and storage basin for the 
eastern Canadian rivers, most of which tumble off its sloping margin 
m a series of tapids and waterfalls. The combined potential watei 
power of Ontario and Quebec is estimated at about 14,000,000 horse- 
power minimum flow and 19,000,000 horsepower available 50 per cent 
of the time Thousands of interior lakes in central Sweden and other 
thousands in Finland feed the swift rivers and provide these countiies 
with an abundance of power Already the hydroelectric powei de- 
velopment of these two countries exceeds 2,000,000 horsepower The 
construction of hydroelectric plants in these northern countries is a 
fairly recent development The installed hydroelectric power of 
Ontario and Quebec increased from 823,581 horsepower m 1910 to 
8,521,862 horsepower in 1946 There remains unharnessed in these 
two provinces almost one-half the hydroelectric power that could be 
produced during the time of minimum flow (Fig 214). 

Users of Power, The demand for developed horsepower comes 
from both local and outside sources In addition to industries located 
at or within a short radius of the waterfall, cities and industries in 
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Fig 214 Courtesy of the Department of Mines and Resources, Dominion of Canada, Ottawa, Canada (Graphs changed to 

bring data up to January 1, 194d ) 
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regions farther south are seeming cheap noithern power by means of 
long-distance tiansmission lines 

The gradual perfecting of means of long-distance transmission has 
made it possible for the hydroelectnc power of the Canadian Upland 
to be used on the farm and in the factory along the St Lawience 
Valley, and the steel toweis of the high-power lines are now a familial 
sight in the North Power from the falls of the Grand Discharge, 
near the outlet of Lac St Jean, is earned by a high line a distance of 
140 miles to Quebec This is but one of a number of lines supplying 
current to Montreal, Quebec, and Ottawa To a region lacking fuel 
—both Ontario and Quebec are piactically without coal— this new sup- 
ply of “white coal” is of inestimable value 
An interesting development based on hydroelectric power has taken 
place m the rather isolated Saguenay River Valley of Quebec This 
liver valley collects enough water to pioduce 2,000,000 horsepower 
the year round and 2,050,000 horsepower has already been developed 
This cheap power has attracted to Arvida one of the world’s largest 
aluminum industries The aluminum plant of this legion has a capacity 
for the production of 80,000 tons of aluminum annually a 
Similarly watei power is one of the most valuable tesources of Fin- 
land and Sweden Finland is a locky, ice-scoured, lake-strewn plateau 
which lies almost entirely within the conifeious foiest belt The 
many lakes, estimated at more than 35,000, serve as reservous which 
regulate the flow from many rivers Since the country has no coal, 
water supplies most of the power for its industrial plants. Although 
the forest industries use approximately two-thuds of the power gen- 
erated, power is also distributed to other industries and to the farms 
In Sweden, hydroelectric power is utilized on a large scale in the 
mines and forests, on the farms, and in the electrification of railways 
Sweden leads the world in the use of electricity on the farm At 
present, electric current is distributed to almost one-thud of the farm 
homes, where it serves not only for light but also as a source of power 
Pulp and Paper Manufacture. The industry which has so far been 
the largest consumer of power in the northern forest, and which prob- 
ably owes its rapid growth to hydroelectric development, is pulp and 
paper manufacture. Ever since tree trunks became the leading raw 
material for paper there has been a gradual northward movement of 
the industry, until now nulls are widely scattered over the more ac- 

e W M Goodwin, “Low Cost Power on the Saguenay,” Compressed An 
Magazine, December 1946, pp 326-329 
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cessible timber lands along the southern margin of the region Laige 
tracts of pulpwood are necessaiy to the life of the industry, cheap 
power to run the mills is equally vital, since about 100 horsepower is 
required to make a ton of papei a day Short bolts of spruce, poplar, 
or other woods with the baik removed are fed into a grinder and 
emerge as a fibtous mass which can be dried, pressed into pulp, and 



Fig 215 The demand for paper within the United States seems almost insatiable 
Our per capita consumption in the last twenty years has practically doubled, and 
our total consumption has more than doubled 


then made into the huge tolls of print paper which feed the news 
presses in every city ' 

The best location for a mill is on a river which can float the pulp- 
wood to the mill and at the same time furnish watei power for the 
machinery Continuous operation, usually 24 hours a day, enables the 
manufacturers whose mills are located directly on a waterfall to get 
the maximum return on the value of them investment, Ontario and 
Quebec are the largest producers of woodpulp and of paper in the 
world 

Canadian newsprint finds its largest market in the United States, 
where the 50- or 100-page Sunday supplement is popular Since 1875, 
the United States has been the world’s greatest paper market and dur- 
ing much of this time has used more paper than all othei countries 
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combined. Our consumption in 1926 was estimated by the American 
Paper and Pulp Association at approximately 10,000,000 tons Twenty 
years later, 1946, our consumption had reached the amazing total of 
16,871,000 tons Moreover, our increasing demands for newsprint 
and other paper products seems to be insatiable. In 1859, we used 
only 8 pounds pei capita, since then our annual consumption has in- 
creased with such rapidity that m 1946 it exceeded 240 pounds per 
capita (Fig. 215). 

Tbs rapid growth of the Amencan papei consumption made it in- 
evitable that we should have to buy an increasing amount of wood, 
woodpulp, and paper from our neighbor to the north. In 1890, 
Canada’s pulp and paper exports weie valued at $120, m 1944 her ex- 
ports of these two products were valued at $285,000,000 Today, 
pulp- and paper-malting industries represent Canada’s greatest manu- 
facturing enterprises 

In 1937, Canada supplied approximately 40 per cent of the news- 
print of the entire world The importance of her newsprint industry 
is indicated by the fact that she exported almost two and one-half 
times as much newsprint paper as her five closest competitors com- 
bined (see the accompanying table) In 1946, Canada produced a 
larger peicentage of the world’s newsprint and paper than in 1937, 


Exports of Newsprint Paper from Principal Paper-Producing Countries 



1913 

1937 

Country 

Short tons 

Short tons 

Cahada 

256,661 

3,455,240 

Finland 

77,213 

421,503 

Newfoundland 

49,755 

298,406 

Sweden 

67,938 

222,851 

Germany 

75,761 

217,951 

Norway 

108,507 

195,472 


but exact data for 1946 are not available The large available supplies 
of wood, pulpwood, and water power, the chief factors on which the 
future expansion of the industry depends, aie shown in the accom- 
panying table. 

Pulpwood and Water Power Resources 


Province 

Quebec 

Ontario 

Prairie provinces 


Estimated pulp- 
wood resources 
(; million cords') 
290 
191 
185 


Available water 
power at ordinary 
minimum flow 

8.459.000 

5.330.000 

4.214.000 
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The manufacture of paper is an older industry in Scandinavia than 
in Canada Originally a handicraft, paper making has now become a 
carefully organized factory industry employing skilled labor The 
Scandinavian mills, equipped with modern and expensive machinery, 
are turning out not only woodpulp and newsprint, but also wallpaper 
and writing, bond, envelope, and parchment papers in grades ranging 
from the coarsest to the finest Most of this paper goes into the ex- 
port trade Instead of selling low-priced raw materials Sweden and 
Finland have been using watei power and skilled labor to turn forests 
into higher-priced wood products. 

During the last few decades the exports of lumber from Sweden 
have scarcely held their own while the exports of products manu- 
factured from wood have inci eased rapidly In 1900, the exports of 
Swedish forest products were valued at $25,000,000, in 1937, they 
exceeded $853,000,000 World War II resulted in a major decline 
in the wood-working industries of Sweden Recovery of her ex- 
ports is slow, piimanly because Europe is too poor to buy her prod- 
ucts in large quantities Thus m 1944 Sweden’s exports of wood 
products was approximately $81,000,000 or less than one-tenth of her 
1937 exports 

Raw Material Goes to the Power Industrial development m the 
northern forest is a direct outgrowth of abundant water power plus 
the abundance of raw materials But certain types of industry can 
afford to locate at the source of power, even though raw materials 
must be imported from remote lands This fact is indicated by the 
erection of a 400,000-horsepower aluminum plant far up the Saguenay 
River in the Province of Quebec, remote from supplies of bauxite 
Cheap power is the keynote of the aluminum industry, nearly all this 
modem industrial metal is being manufactured where large amounts 
of hydroelectric current are available Eaily in. 1940 Great Britain, 
needing large quantities of this metal for the manufacture of war 
supplies, announced her intention of expanding the aluminum industry 
in Canada Plans are now under way to make Canada one of the 
foremost aluminum-producing countries m the world 

British Guiana has one of the best and cheapest supplies of bauxite— 
the taw material from which aluminum is made. Ocean freighters 
carry caigoes of bauxite nearly all the way from the Guiana mines 
to the waterfall on the Saguenay This combination of the low costs 
of ore, water power, and ocean transportation made it profitable to 
erect an expensive hydroelectric station in the wilderness, build several 
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acres of factories, construct an entire town, and import tiamed work- 
ers to man the plant 

Manufacturing, a Natural Adjustment. The possibilities of using 
cheap hydioelectnc power as the basis for a widespread industnal 
development are most easily illustrated by Sweden, where forests, 
iron ore, and water powei are the most valuable resouices Foi many 
centunes the existence of high-grade iron ore was unknown, the foiests 
were used only for local fuel and building purposes, the powei went 
to waste Lumbering was the first forest industry to make use of 
water power, and surplus timber m the form of rough lumber was 
expoited to foieign maikets Pulp and paper mills represent a later 
stage in the utilization of timber Today Sweden is turning out 
thousands of skillfully manufactured timber products— practically all 
of them made in factories run by water power Her output includes 
lumber, woodpulp, various kinds of paper, matches, furniture, and 
artificial silk Rich iron ore is smelted by electucity, a process too 
expensive to be practical in countries lacking cheap and abundant 
water powei, and the electric arc is also used to produce high-grade 
tool steel The making of fertilizers and ammunition is a recent de- 
velopment of the electiochenucal industries In 1947, 40 to SO per 
cent of the Swedish farms were using electricit\ However, in the 
United States, over 65 per cent of the farms are linked to powei lines 
Sweden has also enough power to electrify, eventually, all the rail- 
roads and is now exporting current to Denmark by means of a marine 
cable, for Denmark has neither coal nor waterfalls Sweden’s use of 
one resource in oidei to unlock others is the most advanced stage of 
resource utilization 

Although Canada lacks an abundance of easily mined, high-grade 
uon ore which means so much to Sweden, it has a number of other 
nuneial developments within the Laurentian area, many of which are 
present or potential users of electric current Power lines have been 
extended to the asbestos mining region, and to some of the copper and 
gold camps Canadian electrochemical works are also buying cunent 
The manufacture of rayon offers excellent possibilities m a region 
where unlimited cellulose from scrub timber is available, and cheap 
power affords opportunity for nitiogen fixation, an industry which 
resembles aluminum manufacture in its dependence upon cheap power. 

Most of these industries require expensive machmeiy but no large 
supply of cheap labor-a natural adjustment in such a sparsely popu- 
lated region The resultant expense of starting a power plant and 
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factory unit, however, necessitates such an outlay of capital that the 
laige-scale corporate project is the general rule 

MINERAL RESOURCES 

In respect to mineral development the northland is making a far 
more impressive showing than many of the more densely populated 
temperate-zone regions The search for precious and semi-precious 
metals has ever been an industry adapted to legions of scant population 
Even when mining advances from the stage of the individual pros- 
pector to that of the mining company, the number of additional 
workers is not commensurate with the mciease in output of metal 
since machmeiy does such a large part of the work 

The northern-forest region has been producing not only large stores 
of precious metals, but some of the industrial minerals as well Coal 
in general is lacking, when present in quantity, as m parts of Alberta 
and Saskatchewan, it is poor in quality Northern Scandinavia has 
iron One of the earliest industries in Finland was the small-scale 
manufacture of a good grade of malleable iron from lake and bog 
ores Sweden has the best deposits of high-giade ore in Europe, some 
of it grading more than 60 per cent pure iron, about two-thirds of it 
is north of the Arctic Circle 

The mineial wealth of northern Canada includes valuable deposits of 
gold, sliver, coppei, nickel, zmc, cobalt, and asbestos Much of the 
Laurentian Upland is a nch mineral-bearing aiea, but, because it is 
so bleakly fiozen in winter and a sea of almost impassable muskeg 
swamps and forests difficult to traverse m summer, 90 per cent of it is 
still unprospected Most of the known metal deposits have been dis- 
covered by chance lather than by methods of scientific prospecting 
In fact, within a large part of the Canadian forest, scientific prospect- 
ing is difficult because of (1) the nature of the rock— faulted, folded, 
recrystallized, (2) large areas are covered with glacial till, lakes, 
swamps, and muskeg, and (3) many paits of the forest are difficult to 
penetrate. Within other parts of the foiest, large areas of barren rock 
have been scoured clean by the glacier, exposing dikes, faults, and 
other geological structures which aid the prospector and geologist in 
their search for metals. Nearly every year sees new mineral dis- 
coveries in the Far Noith followed by 3 rush of prospectors and 
mining men to the new field. Among the more important mineral 
discoveries which have been made in the past, the gold rush to the 
Yukon in 1897-1898 is the best known and most spectacular, The 
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Sudbury district supplies moie than 90 per cent of the world’s nickel 
and is an important copper-producing centei The rich Cobalt silvei 
district of noithem Ontario was discovered in 1903 and yielded from 
10,000 to 12,000 ounces of silvei to the ton, Cobalt (330 miles north 
of Toronto) is still one of the leading silver camps of the world, and 
Canada owes its position as the third laigest silver producer largely to 
the Cobalt district 

Gold was discovered m the Poicupine Lake distnct in 1909, and 
this small area of about 6 square miles has become the lichest gold 
camp in North America, Porcupine is situated about 450 miles noith 
of Toronto A score of smaller camps are located at different places 
throughout the region, and new ones aie being disco veied from time 
to time In 1924-1925 rich copper deposits were found at Rouyn, 
almost due east of Porcupine, and a new copper-mining city is being 
constructed in the wilderness Ontario and Quebec produced more 
than 327,000 short tons of copper in 1940, or approximately 11 per 
cent of die total woild output Since 1940 the Canadian output of 
copper has declined (171,000 tons m 1945), owing in part at least to 
a labor shortage brought on by World War II 

Recently uranium ores have been discovered in northern Canada 
However uranium metal was so little known up to 1940 that its physi- 
cal properties, such as the smelting point, weie not known with pre- 
cision Prior to the end of 1941 only a few grams of usable uranium 
were available The difficult technical problems of large-scale output 
were solved m 1942 but data of production are not published 

The forest belt of Eurasia is known to contain many valuable 
minerals, some of which are being exploited. 

AGRICULTURE 

Although the advancing pioneers have pushed northward into the 
forest, cleared land, built cabins, and started crop raising, this region 
is adapted to the cultivation of few crops Agriculture is limited by 
climate, the growing season being even shorter than that of the spring- 
wheat belt, and the long winter is so cold that there is poor chance for 
root growth In general the region lacks fertility, but scattered here 
and there are pockets of deepei, more fertile soil which are suitable 
for cultivation 

The growing season is short— from two to four months at most— 
but the long days partly make up for the shortness of the season 
Plants measure their summer not by the calendar but by the ntimbei 



538 


1 HE NORTHERN CONIFEROUS FOREST 


of hours of sunlight, at Fort Yukon, Alaska, with its 20 hours of day- 
light, there would be approximately as much growing time as m two 
average days in the humid tropics Certain plants, such as cabbages, 
glow to even gi eater size in the subarctic than m the temperate zone 
or in the tropics owing, perhaps, to their maintaining a constant and 
fairly even rate of growth during the almost continuous midsummer 
daylight Other haidy and quick-growing vegetables and fruits, such 
as potatoes, turnips, beets, radishes, lettuce, cauliflower, and straw- 
berries, have time to ripen Rye and oats are often raised, and some- 
times wheat and barley Excellent crops of hay foi pasturage can 
also be grown 

One of the best examples of a favorable soil pocket within this rock 
and muskeg country is the Great Clay Belt of die Abitibi District on 
the Ontano-Quebec boundary, some 450 miles north of Toionto 
This district, with its 10,000,000 acres of good clay soil, is being 
rapidly developed through gram growing, livestock raising, and dairy- 
ing The sturdy French-Canadians who colonized it engaged m a 
type of general farming carefully adapted to the climatic conditions 
In some twenty years’ time their efforts have changed an unsettled 
wilderness into a thriving settlement with small communities, schools, 
churches, and more than 25,000 inhabitants 

Three railroads have been built into the Great Clay Belt, providing 
the farmers with a means of maiketmg their surplus Interior Alaska 
has a scattered agricultural development of this same type although 
on a much smaller scale A number of farmers along the Tanana River 
are growing excellent crops of potatoes, and sometimes even wheat, 
though that is not always a dependable crop 

Sweden and Finland have paid more attention to agnculture than 
Canada has These Scandinavian countries with their few natural 
resources and a greater need for agricultural crops than is experienced 
m the western hemisphere have pushed the agricultural boundary far 
north On the best land they are raising hardy cereals such as oats 
and rye, and root crops, including sugar beets Glaciation scraped 
this region clean of its best soil, leaving much of the land unsuitable 
for crop growing but suitable for pasturage. Consequently, this rock- 
covered country with its cold winters and cool summers has found 
it profitable to imitate the cooperative dairying of Denmark The 
long, cold winters necessitate the construction of large barns for live- 
stock and for storing quantities of feed, if the home supply is in- 
sufficient, feedstuff s must be imported The Finnish farms are usually 
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near tidewater, and importation is both easier and cheaper than in 
northern interior Canada, where a long railroad haul is necessary 

Except in feitile areas such as the Great Clay Belt, northern agn- 
culture has not been perfected to the point where it is a profitable 
full-time occupation The farmer of the noithland may and often 
does supplement his scanty agucultural income by some othei means 
Thus a storekeeper or farmer m Scandinavia turns fisherman at the 
time of the heiring lun In Canada the settler may become woodsman 
during the winter— pulpwood properly peeled and stacked beside the 
railroad or river is worth $6 to $8 a cord T Other farmers spend the 
winter tiapping foi furs and often obtain a higher return from their 
winter catch than fiom their summer tillage Still otheis may even 
migrate to Montreal, Toronto, or Detroit, m search of factory woilt 
during the long winter 

Although agriculture occupies a prominent position throughout 
most of the world, in these high-altitude legions it is distinctly a side 
line Fanning is important only on the southern edge, but there is a 
possibility that the development of additional cold-resistant and 
shorter-maturing crops may push the line farther north Until all the 
potential farming lands of the temperate zone are fully settled it seems 
unlikely that subarctic agriculture will be greatly extended This 
region will piobably continue to impoit most of its food, exporting 
those other commodities in the production of which it has a greater 
comparative advantage 

THE FOREST AS A SUMMER PLAYGROUND 

The vacation, originally regarded simply as a respite from one’s 
regular occupation, has gradually come to mean “going some place”— 
a trip away from home for the purpose of change and recreation 
This vacation idea— two weeks, a month, for many people a full sum- 
mer— has taken firm possession of many peoples who have a surplus 
above their actual subsistence needs The annual holiday is now a 
fixed habit, not merely with thousands but with millions of people, 
this is particularly true m the United States, which ranks first in aver- 
age standards of living and consequently where many people can afford 
to travel. 

7 During the years 192J tp 1946 pulpwood frequently sold at American paper 
plants for more than $15 a cord 
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During midsummer the vacation rush often assumes the aspects of 
a seasonal migration. People from Wisconsin regularly go to Cali- 
fornia, and Californians visit Wisconsin West Virginians acquire a 
sunburn at the seashore while the residents of Atlantic City are spend- 
ing the summer in the Canadian Rockies European vacationists take 
trips to then own lecreation areas, or cross national boundaries to visit 
the Alps, the Black Forest of Germany, the lake district of Scotland, or 
the Norwegian fiords To those areas which have superior attractions 
for summer visitors, the vacation influx has its distinct commercial 
phase When properly developed and advertised, a strip of sandy 
beach in New Jersey 01 a beautiful range of mountains in Switzerland 
may become a financial asset 

A forest wilderness, not too inaccessible, may also be capitalized 
The great north woods of Canada, one of the last frontiers of un- 
touched wild life, appeals to the primitive strain in man’s nature The 
desire to shoot wild game and to fish m untouched waters, the lure of 
possible adventuie in an unknown region, is but slightly hidden be- 
neath the surface in many a business man who sits at a city desk eleven 
months out of every year The uibamte finds keen pleasure m turning 
his back on civilization and becoming for a short period a fisherman, a 
woodsman, or an explorer For the seasoned camper the open trail 
with canoe, tent, and guide leads to thousands of square miles of 
tangled bush country with clear glacial lakes and rushing streams rich 
in trout, bass, and maskinonge Other nature lovers prefer to “rough 
it” vicariously during the daytime but return at night to the com- 
forts of hotels and summer camps which already fringe the more 
accessible lakes and rivers Indians and French-Canadians engaged in 
hunting and trapping duiing the winter often supplement their in- 
comes by acting as guides or boatmen during the summer vacation 
season Tourist patronage helps swell the revenues of the lailroads 
and of the fur posts which act as outfitting stations for hunting and 
fishing expeditions 

Scandinavia is also having a recreational development on a smaller 
scale; the inland lake districts of both Sweden and Finland are be- 
coming increasingly popular for steamer tours during the summer 
except as interrupted by war, But Scandinavia is distant, an eight- 
day ocean voyage from the United States, whereas Canada, with a 
border untroubled by bothersome customs and passport regulations, 
may be reached m a short time from New York, Philadelphia, or 
Ghicago. Consequently, Scandinavia is unable to attract any large 
proportion of the American vacation travel business. Europe has less 
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money to spend on lecreation, some countries, such as Russia, have 
almost none A few Russian officials may pass then annual vacations 
hunting m the northern forests of Russia and Siberia, but this part of 
the world is still undeveloped as a popular playground 

A REGION OP ISOLATION 

Within the noithern forest, climate, suiface, and vegetation have 
offered the maximum difficulties for human settlement The migra- 
tion waves which have gradually spiead a layei of land-using peoples 
ovei most of the temperate zone have been slow in affecting this north 
frontier, and it is stall a region of compaiative isolation Forested 
Canada is almost an empty land, the population is sparse and often- 
times of the migratory type, and urban centers are few Because of 
its greater pressure of population, Sweden probably has the largest 
proportion of settled area in the comfeious forest Otherwise north- 
ern Eurasia is as thinly populated as Canada 

In Canada individual trappers and fur tiaders cairy on their woik 
over thousands of square miles of bush country, where the meeting 
of a fellow man during the course of the winter is an event Mining 
claims are few and far apart, even where towns have sprung up in 
the richest mineral-bearing areas so fax discovered, they are small and 
isolated Power and pulp developments use expensive machinery and 
few workers, the villages growing up aiound them are tiny islands m 
a sea of bush country. Railroads are manned by a handful of men, 
scattered thinly along the right of way Towns and their conveniences 
—schools, churches, and general community life— aie so widely spaced 
that such advantages enter the luxury class 8 

WINTER THE WORK SEASON 

In one paiticular the natural economy of the northern forest is a 
direct reversal of temperate-zone practice Wintei is not only cli- 
matically dominant in this northland, but economically and socially 
dominant as well In the temperate zone, summer is the crop time 

8 Schools on wheels, cars provided by the Canadian National and the Canadian 
Pacific railways and fitted up with all the conveniences of the modern school- 
room, are now bemg tried out in this region. These railway cars stop a few 
days on a siding or beside a water tank, give out books and assign lessons to a 
handful of pupils; then they move on to new locations and return m four to 
six weeks to hear lessons and check up on results. 
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and the best work penod, winter with its snow and ice is the time of 
lesser activity In the northern forest snow is the fuend of man and 
winter tends to be the work time The native Indian inhabitants of 
interior Alaska and Canada have long regarded summer as that un- 
pleasantly warm season during which black flies and mosquitoes aie 
troublesome pests, trapping becomes impossible, and life is generally 
made moie difficult When the snow begins to fly and the muskeg 
fieezes solid, most of these annoyances vanish As the weather be- 
comes crisp, the people feel more energetic, they begin the business 
of hunting, they get out their sleds and visit their friends and relatives 
These natives consider the summer a nuisance 

Even the newer white residents find that winter is the friend of 
man Furs are prime, and trapping can proceed Frozen ground and 
thick ice on the lakes and rivers offer firm footing for travel Timber 
is cut and hauled easily on sleds Much of the railway mileage in the 
northern forest is built during the winter when the ground is frozen, 
supplies can be hauled and track laid Winter snow provides the 
spnng freshets which carry logs and pulpwood south to the mills 
Even that new giant of the north, water power, also relies on the 
winter snows foi pait of its strength 

A REGION OF EXPLOITATION 

Despite the fact that portions of the northern forest constitute what 
is probably the last agricultural frontier for the land-hungry colonist, 
the keynote of this region is not cultivation but extraction and ex- 
ploitation Most of the present inhabitants are engaged m taking what 
nature has provided, using it once, and then passing on to new fields 
Furs, minerals, and timber are resources which tempt the exploitei 
rather than the homemaker, a fact which helps to explain the scant 
population 

Since it is not a legion where trees can be cut, the stumps pulled, 
and the land cleared for fanning, careful cutting of timber lands to 
preserve the stand of young trees is a vital necessity if there is to be 
a second or third crop at all soon 

Water power is almost the one resource which at present is being 
utilized along lines of development rather than exploitation Con- 
servation— not in the sense of locking up resources, but of using them 
carefully and eliminating waste— should be applied to the northern 
forest before the richest of its treasures have been stripped away. 
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THE POLAR REGIONS 

TUNDRAS, POLAR ICE CAPS, AND HIGH-LAXITIJDE SEAS 

Prior to World War II the arctic and antarctic regions were con- 
sidered relatively unimportant economically, commercially, and stra- 
tegically Although these areas weie not entirely neglected, no in- 
tense international struggle took place in order to gain possession of 
the land in these high latitudes The readily accessible lesources, 
especially valuable animals, had been exploited for their furs, oils, 
meat, and ivory The rich uranium deposits of noithein Canada were 
not yet in demand, and other minerals had been exploited on only 
a small scale. The potential commercial and strategic significance of 
these areas had been given relatively little serious consideration The 
gieat poveis of the world had never striven to gam commercial or 
strategic superiority by the establishment of bases in these waste 01 
near-waste areas Thus, until recently, the polai regions attracted the 
least attention commercially, economically, and strategically of all 
geographic realms 

At present, however, the arctic legion is considered valuable as a 
possible futuie link in commercial aviation, and it possesses potentiali- 
ties of tremendous but tragic significance as bases for operation m 
possible future wars Nature has placed the Arctic Ocean squarely 
between the great civilization centers of North America and Eurasia 
(Fig 216) Until lecently, man was compelled to go around this sea 
with its huge grinding ice pack, and the North Pole remained a mys- 
tery until Robert Peary reached it on foot in 1909 Since then the 
North Pole or its vicinity has been crossed many times by air. Soon 
the Arctic Ocean will, m all probability, be crossed by a network 
of airplane routes since its ice-filled water lies athwart the shortest 
routes between the greatest industrial centers of the northern hem- 
isphere If any nation should be so foolish as to cause a third world 
war, the Arctic Ocean will be its strategic center according to some 
of the most noted military experts of our time Certainly the borders 
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of the Arctic Ocean will be of great strategic importance m any war 
in which the North American civilization is opposed to all or part of 
the Eurasian civilization 



Fig, 216 The ice-filled Arctic Ocean lies directly between North America and 
most of Eurasia Some of our leading military authorities believe that, should 
a third world war occur, the Arctic Ocean will be its strategic center Places 
(1) Moskva, (2) Tomsk, (3) Ellesmere Island, (4) Chicago, (S) New York City, 

(6) San Francisco 

Although the tundjras and polar ice caps occupy more than <5,000,000 
square miles, they normally support less than 100,000 people. 1 Even 

1 An unknown number of laborers are now stationed in the tundras building 
highways and air fields, searching for minerals, and m other ways preparing these 
near-waste lands as commercial, industrial, and military outposts of civilization 
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the hot, dry deserts of the tropics are of greater economic value at 
present than the polar regions 

Nevertheless, these high latitudes have been of greater value and of 
more scientific interest than the present density of population indi- 
cates These areas are the natural home of the remdeei, musk ox, 
caribou, polar bear, and othei animals that are adapted to cold climates 
The ice-laden waters of these regions have long been the source of 
valuable oils, furs, skins, and ivory Radium, uranium, cryolite, nickel, 
mica, copper, gold, petroleum, and other minerals have been dis- 
covered in the tundras, and some of these minerals are being exploited. 
Although the tundias will nevei support a dense population, these 
desolate lands are believed to be capable of producing much larger 
quantities of food than at present 

For centuries high-latitude seas have supplied man with valuable 
products But overproduction has already destroyed some of the 
fishing industries of these cold waters and, as we shall learn later in 
this chapter, threatens to destroy other resources of the seas 

POLAR CLIMATES AND MAN 

“By their fruits shall ye know them” is an excellent principle on 
which to judge climates The truth of this statement fits the polar 
regions with a nicety not found m many other parts of the world. 
The climates of these high latitudes are exacting, and only those plants 
and animals which are well adjusted to severe climatic conditions can 
survive. Human opportunities are also hedged about on every hand 
by climate Social progress is and will long remain handicapped by 
sparsity of population, by the high degree of isolation, and by a lack 
of diversity of profitable occupations 

The climate of polar regions is severe and is characterized by monot- 
onous and long-continued periods of cold and the absence of any 
season of warmth The temperatures of the air over polar ice caps 
is always below freezing, and many records of mid-summer show 
temperatures well below zero Fahrenheit The waters of high lati- 
tudes are always cold and most of the time filled with floating ice 
Even the tundra has no season of reliable warmth in spite of the fact 
that temperatures of 90° F or even 100° F have heen recorded These 
high temperatures last only a few days and thaw scarcely more than 
a few feet of the surface ice before freezing temperatures are once 
more recorded 
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In these high latitudes the wmteis aie long and the summers shoit 
For some months during the summer the sun never sets, at the same 
time it does not rise far above the horizon In winter the sun never 
rises, although much of the time it is not far below the horizon, and, 
even though there is continual night for some months, yet during the 
noon penod the sun comes so neai the horizon that it makes a kind 
of twilight. Furthermore, the moon, stars, and at times the spectacular 
auroras give sufficient light for intermittent fishing and trapping 

The winter, however, is a season of little activity, the natives spend- 
ing much of their time indoors The appearance of the fiist feeble 
rays of the sun, after a long wintei, is the occasion of great rejoicing 
In Lapland the dawn is celebrated by feasts and menymaking In 
Siberia, the Samoyedes and Ostialcs celebrate the event with festivals 
which may last several days Bonfires are made, reindeer lolled, and 
there is general rejoicing 

As might be expected under such pronounced seasonal conditions, 
the yearly range of temperatmes is extreme A few summer days 
may be warm except on snow fields or highlands, but the winters are 
cold everywhere. 

According to present records, the cold pole of the earth is just south 
of the tundra, near Veikhoyansk, where a minimum of —93 6° F has 
been recorded This is 20° or 30° lower than the estimated minimum 
at the North Pole. It may be found, however, that the wintei tem- 
peratures of Antarctica are even lower than those of Siberia Roald 
Amundsen m his dash to the South Pole recorded a temperature of 
— 75° F late in the spring, and temperatures as low as —24° F during 
mid-summer On the afternoon of December 14, the temperature at 
the South Pole was — 10° F. It is probable that the temperatures of 
this high plateau are below zero during most of the summer months, 
and it may be found that the winter temperatures are the coldest on 
earth 

To add to the severity of the climate of Antarctica, the winds are 
persistent and strong Amundsen, writing of this region, says, “At 
best the climate of Antarctica is about the worst in the world, chiefly 
because of the terrific intensity of the gales which blow almost in- 
cessantly These gales are of almost unbelievable velocity. 5 ’ 2 

The winters of arctic North America are not so cold as those of 
central Siberia The lowest temperature ever recorded on tins con- 

8 Reprinted by permission from My Life as tm Explorer , by Roald Amundsen, 
copyright 1927, Doubleday, Doran & Co , p 67 
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tinent is —86° F , near the mouth of the Pelly River, about 100 miles 
south of Dawson But this station is remote from the coast Along 
the northern coast of Canada and Alaska the lowest temperature ever 
recorded is only 54° below zero. Lower temperatures aie occasion- 
ally experienced m Montana 

Although the winters of the tundia aie cold, the summers are warm 
and at times uncomfortably hot In summer the sun is never very 
high above the horizon, but for many days together it shines through- 
out all or most of the 24 hours Along latitude 70° the sun shines 
continuously for 73 days Most of the tundra experiences a month oi 
more when the sun shines moie than 20 hours each day, and therefore 
the eaith has but little time to cool during the exceedingly brief nights 

These long hours of sunshine quickly melt the small accumulation 
of winter snow, except on the uplands, and thaw the surface of the 
giound to a depth of several feet Then the atmosphere is quickly 
heated. Much of the low tundra has temperatures of 90° F every 
summer, and at Fort Yukon a shade temperature of 100° F has been 
lecoided These hot spells frequently cause much discomfort Mr 
Stefansson reports that during the summer of 1918, while he was con- 
fined to the hospital at Fort Yukon, the temperature reached 97° F, 
and that because of the heat most of the patients moved out of the 
upper stories of the hospital into the cooler cellar. 

SOILS OF THE TUNDRAS 

The soils of the tundras are largely the results of mechanical weather- 
ing associated with frost and water The long winters with their ex- 
ceedingly low temperatures reduce the chemical weathering and nar- 
rowly limit the annual period when the growth of plants and the 
activities of animals affect the soils. As a result, most of the tundra has 
no well-developed soil profile 

The soils of the tundra of the Soviet Union are typical of most 
tundia soils. The soil survey of the Soviet Union classifies the tundra 
soils under three heads, namely (1) dry tundra soils, (2) bog tundra 
soils, and (3) the podzolized soils. The dry tundra soils which com- 
monly cover slopes are scarcely soils at all, but loose angular 
rock fragments— “rock fields”— which have resulted from mechanical 
weathering, with just enough chemical and biological activity to make 
a bed of material in which tundra vegetation can live The bog tundra 
soils are situated on more level areas. Here the poor drainage, which 
results from the frozen subsoil, keeps the fine particles from being 
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earned away by running watei Even though the chemical and bio- 
logical weathenng processes act slowly, they have played a largei 
part in bog soils than in dry soils The bog soils are covered with 
partly decayed humus or peat, below which there is a sticky loam 
which may be so wet that it becomes semi-fluid during the summer 
The nature of the podzolized soils has already been discussed m 
Chapter 3. 

VEGETATION OF THE TUNDRA 

During the brief but intensive summer vegetation grows with le- 
m arltable rapidity The great variety and wealth of plant life dunng 
the summer are among the most surprising features of the scenery to 
those who visit the arctic regions for the first time. Flowenng plants, 
grasses, mosses, and lichens, together with stunted willows, alders, and 
aspen, cover the surface except m the more forbidding places such as 
ice caps, glaciers, and moving moraines which may be complete 
deserts 

The arctic plants, as if aware of the fleeting opportunity for life, 
fairly leap through the various stages of growth to maturity Flowei 
buds not infrequently open before the snow is off the ground and, 
with the first warm days of summer, burst into bloom 

During the flowering season these plants are the most conspicuous 
part of the landscape Orchids, violets, lilies, poppies, buttercups, and 
many other bright-colored flowers turn thousands of square miles of 
the vast arctic plains into nature’s largest remaining primeval gardens 
The abundance of these flowering plants is indicated by Mr Stefansson, 
who says, “There can be no doubt that for every ton of mosses and 
lichens on the land beyond the Arctic Circle there are at least ten 
tons of flowering plants ” 8 

This wealth of vegetation during the short summer must remain of 
little economic value The number of animals which can be sup- 
ported on the tundra bears little l elation to the richness of the summer 
pasture, but it is limited by the scant supply of mosses, lichens, and 
stunted forest vegetation available for feed during the long cold 
winter. During this season, climate is a despotic master, and pastoial 
activities are pursued under some of the harshest conditions found 
anywhere. The summers are too short to permit any land of agri- 
cultural crops to be grown for winter feed, the frozen subsoil during 

8 Reprinted by permission from The ’Northward Course of Empire, by 'Vilhjal- 
mur Stefansson, Harcourt, Brace & Co , 1922, p 52. 
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the summer prevents the moisture from sinking into the giound, malt- 
ing the soil too wet for the growth and curing of hay The richness 
of summer vegetation is, therefore, merely a matter of scientific in- 
terest and of little economic value. 

ANIMALS OB' THE TUNDRA 

The most notable animals of the tundia are the musk ox and caribou 
(American leindeer) of Amenca, and the domestic reindeer, formeily 
of Eurasia, but now successfully introduced into the American tundra 
Carnivorous animals such as wolves and foxes also roam over the 
tundra, preying on hares and lemmings or eating the sciaps of meat 
left by the Eskimos and polar bears During the brief summer the 
poorly drained tundra swarms with mosquitoes, flies, gnats, and other 
insects which torment both man and beast 
The Musk Ox. The musk ox combines characteristics of both the 
sheep and the ox It has long, smooth, brown hair with a heavy under- 
coat of wool, excellent protection against the bitter cold of the arctic 
winter It likes to feed on grass but can subsist on a diet of coarse 
shiubs on which most animals would starve 
Formerly, the musk ox had a wide range over the American arctic 
and its numbers reached several millions Now, as a result of the 
introduction of modern rifles among the Eskimos and Indians, this 
shaggy animal has been exterminated over extensive aieas Accord- 
ingly the musk ox is now limited mainly to the uninhabited island 
archipelago north of Canada and to northwest Greenland 
Stefansson believes that the musk ox could be domesticated and 
bied for both meat and wool But shearing might have disastrous 
results by leaving the animal a prey to the weather and to the attack 
of mosquitoes 

The Caribou. The caribou is the most valuable wild animal of arctic 
Canada today and was the most valuable animal of Alaska before the 
introduction of domestic reindeer from Europe The caribou and his 
near relative, the leindeer, are to the tundra what the camel is to the 
desert They seem to be as well adjusted to their harsh environment 
as the camel is to the desert The skin of the caribou is thick and 
filled with air cells which afford excellent insulation against the loss 
of heat The heavy fur is also warm so that the animal does not seem 
to suffer from the cold even during the worst arctic blizzards, pro- 
vided that it can find food The broad flat hoof of the caribou makes 
a good snow shOvel with which to uncover the mosses and lichens 
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The tundra presents only one climatic condition detrimental to the 
caribou This is the winter thaw followed by a long spell of cold 
weather Warm winds, known as the foehn m Norway and the 
chinook in the Rocky Mountain district of Canada, sometimes melt 
part of the snow, thus making it exceedingly moist. If these winds 
are followed by cold weather, a coating of ice may be formed over 
hundreds or even thousands of square miles of tundia, making it diffi- 
cult or impossible for grazing animals to feed. 



Fig 217 The broad flat hoof of the reindeer makes a good snow shovel with 
which to uncover the mosses and lichens during the winter (Courtesy U S 

Forest Service) 


Millions of caribou still range on the arctic slopes of Canada, and 
some range far south of the tundra. The chief foods of the caribou 
are shoots and leaves of willow, birch, and other shrubbery during 
the summer, and mosses and lichens during the winter Where possible 
they migrate southward in summer, but they are quite capable, as m 
coastal Spitzbergen and Gieenland (areas unaffected by chinook 
winds), of finding food m the Far North all the year round 

The caribou are gieganous and migratoiy They sometimes graze 
in herds of thousands and even tens of thousands, and they may travel 
hundreds of miles within a few weeks Consequently, it becomes 
necessary for those Eskimos and Indians who depend primarily upon 
them to lead a nomadic life. 

Domestic Reindeer, The domestic reindeer are the great hope of 
the tundra For many generations they have been the main resource 
of Lapland, the most highly developed and most densely populated 
tundra region of the woild. To the Lapp, the reindeer are food, 
clothing, and shelter. They supply the power for transportation and 
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constitute the basis of trade Reindeer meat is the staple article of 
export, hundreds of tons being sold annually in Helsingfors (Helsinki), 
Stockholm, and Oslo (Christiana). 

When the destruction of game threatened the Alaskan native with 
starvation, the U. S. Bureau of Education introduced lemdeer from 

the Old World and taught the Es- 
kimos to care for them (Figs 217 
and 218). In 1905 theiewere 10,000 
deer, by 1929 the numbei had in- 
creased to 712,500. Since then the 
number has decreased so that in 
1939 Alaska supported approxi- 
mately 312,000 reindeer and in 1947 
something less than 400,000 The 
U. S Department of Agriculture 
estimates that Alaska, part of which 
lies outside the tundra, can support 
3 to 4 million head Stefansson esti- 
mates that the arctic pastures, in- 
cluding the Siberian tundra, are 
capable of supporting 100,000,000 
reindeer, and Rudmose Brown be- 
lieves that arctic Canada alone could 
suppoit 30,000,000 reindeer and 
yield 10,000,000 cai casses of venison 
annually 4 This exceeds the number 
of beef cattle slaughtered annually 
m the United States, but the 
average carcass of a deer would be 
only about one-third that of a fair- 
sized beef (Fig 219) 

Other Animals. In times gone 
by, the arctic foxes were the most 
common animals of the Far North There are two varieties, the blue 
and the white fox The fox obtains a living as readily from the sea 
as from the land and has been seen hundreds of miles from shore on 
the ice pack of the Arctic Sea It feeds at bird rookeries, on hares, 
and on the scraps of seal left by the polar bear The fox has been 
ruthlessly hunted for its winter coat Two generations ago several 

4 J Russell Smith estimates that arctic Canada could supply 3 to 4 million deer 
carcasses annually. 



Fig 218 During- the summer the 
reindeer usually graze on the scrub 
forest or other vegetation of the up- 
lands where insect pests are less 
troublesome than in the low, wet 
tundra (Courtesy Loman Reindeer 
Corporation, Seattle, Washington) 
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thousand fox skins were exported from Greenland annually, today 
the numbeis have dwindled to a few score The value placed upon 
the pelt of the white fox has been so great that hunters and trappers 
have piactically exterminated this animal over large areas Recently 
fox farming has been undertaken in the Mackenzie River Valley, with 
favoiable results 

The wolf and the hare are almost as widely distributed as the fox 
except that the first two remain on land The wolf feeds on hares, 



Fig 219, A reindeer corral in Alaska Thousands of reindeer are slaughtered each 
year and the venison shipped to the industrial centers of the United States. (Cour- 
tesy Loman Reindeer Corporation, Seattle, Washington.) 


foxes, lemmings, and even seals, with occasional meals of caribou and 
music ox 

The white polar bear is the most characteristically polai of all arctic 
animals Although it is an air breather, it is really a sea mammal and 
is seldom found far from sea ice It commonly stays near the edge 
of the ice pack where seals are most numerous. During the last cen- 
tury the old whalers always brought home beautiful white skins as 
trophies Such trophies are now rare and exceedingly valuable. 

LIFE OF THE POLAR SEAS 

Both the Arctic and Antarctic oceans abounded with life when the 
white man with his efficient methods of slaughter and insatiable greed 
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first airived in those waters. The variety of useful sea animals was 
even greater than that of the adjoining land The seal, wall us, whale, 
sea elephant, together with many kinds of fish and buds have all con- 
tiibuted to the comfoit and well-being of the natives who lived along 
the coasts of the polar seas, and also to the wealth of the European 
fisheiman-hunter The ruthless destruction of these animals by mod- 
ern hunting and fishing equipment has all but exterminated some of 



Fig 220 Hunting seal m the frozen North (Courtesy Finnish Foreign Office ) 


them and has greatly depleted the numbers of all the sea mammals 
which were of value for then fur, oil, bone, or ivory (Fig 220) 

The exploitation of these resources was both romantic and lucrative 
The whalers and seal hunters of New Bedford, Nantucket, Hull, and 
other New England and European poits were brave and daring men 
—men possessed of more than average ability and resourcefulness 
Their love for adventure and desire for wealth sometimes induced 
them to make voyages of 20,000 or 30,000 miles through the most 
dangerous seas. Distances then, as measured by slowly moving sailing 
vessels, were much greater than today with our present facilities for 
rapid transportation It took the New Bedford fleet almost a year to 
reach Bering Sea by way of the treacherous waters of Cape Horn 
On these long journeys the fleet was away from the home port two 
or perhaps three years— many ships never returned at all. 
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THE FISHING INDUSTRIES 

The Otary Seal During the last half of the nineteenth century the 
fur of the otary seal was one of the most lucrative lesources of the 
fishing mdustiy, and it was the chief basis of many lespectable for- 
tunes The center of this fur-seal fishing is the Pnbilof Islands, where 



Fig 221 Fur seal, Pnbilof Islands., Alaska, (Courtesy U S Bureau of Fisheries ) 


formerly millons of seals gathered from distant seas during the mating 
season" The Russians alone obtained approximately $100,000,000 
worth of fur from the Bering Sea before the cession of Alaska to the 
United States 

The habits of the otary seals make them an easy prey for man 
They are gregarious animals, and during the mating season they 
literally line the shores of some of the arctic islands (Fig 221) Thou- 
sands of them could be seen from a single promontory as they gathered 
in the rookeiies along the coast The task of slaughter was a simple 
one. During the heyday of the sealing industry it was not uncommon 
for the crew of a single vessel to secure 20,000 seal skins m a season 

“It has been estimated that 3,000,000 seals formerly gathered on these islands 
annually 
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Unfortunately it was impossible for any one country to make laws 
that would protect the seals. No countiy had jurisdiction over the 
sea or its products for a distance of more than three miles fiom shore 
Therefore, when the seals went out to sea in search of food they were 
the legal prey of the fishermen of all nations Since these animals 
swim much of the time at or near the surface, they are excellent 
targets for the hunters who in former times constantly scanned the 
waters in search of them (Figs 222 and 223) Then numbers were 
rapidly depleted, and the industry was practically destroyed. 



Fig. 222 Breeding grounds and routes of annual migranon of fur seals (Courtesy 
U S Bureau of Fisheries) 


In order to prevent the complete extinction of tins valuable fur- 
bearing animal, the United States, Canada, and Japan entered into an 
agreement to stop pelagic sealing, and the United States passed laws to 
protect the herd on the reservations of the Pnbilof Islands, now Amer- 
ican territory Consequently, the number of animals is slowly in- 
creasing In 1939, the herd contained 2,020,438 animals, and more 
than 60,000 pelts are taken by the government each year. 

Arctic SeaL The arctic seals, sought primarily for their oil and 
skins, are caught off the northeast coast of North America. 6 During 
the early spring large numbers of these animals drift southward with 
the Labrador Current to give birth to their young on the ice floes 

®The seal skm makes a high-grade leather used m book binding and for the 
manufacture of handbags The oil, formerly in demand as an illuminant, is now 
used in the manufacture of soap and other products of the chemical industry 
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off the coast of eastern Canada The sealing fleet drifts along the edge 
of the ice pack while the hunteis take to the ice in search of the prey 
Fifty years ago it was not uncommon for a single ship to take from 
20,000 to 40,000 skins in a season, and the entire catch along this coast 
frequently exceeded 500,000 seals annually The numbers of the herd 
aie now greatly diminished, and the total catch by a fleet of less than 
a dozen ships sometimes scarcely exceeds 100,000 animals 



Fig 223 When the seals migrate to their feeding grounds they swim much of the 
time at the surface of the water and are an easy prey to long-range rifles 
(Courtesy U S Bureau of Fisheries.) 


This type of sealing is one of the most dangerous industries of the 
sea The sealing fleets leave port early in the spring— almost before 
winter is over They operate in regions where stormy weather is the 
rule Sometimes a seveie stoim breaks suddenly and without warning 
Dense fogs or blinding blizzards may encompass the hunters while 
they are scattered on the ice floes, making it impossible for them to 
return to their ships High winds may cause the ice floes to be broken 
up, leaving open water between the hunters and their ships, or the 
ice may be driven far out to sea Those of the crew who are able 
to outlive the storm may be picked up, but when the rescue is de- 
layed even the most hardy soon perish from exposure 
The Walrus — an Easy Prey to Man. The walrus was one of the 
earliest arctic animals known to Europe Aside from its gi eat size, the 




558 


THE POLAR REGIONS 


walrus is conspicuous for its two ivory tusks in the upper jaw Those 
tusks are used to dig in the mud of the sea floor for clams, shellfish, 
and mussels—its favorite foods Unlike other seals it does not feed 
on fish Since its food is found in shallow water it is an animal of the 
coast and does not frequent the open sea far fiom land 

The walrus is valued chiefly for its ivory, but the tough hide also 
finds a ready market Its flesh, like that of all seals, is good food and 
was formerly one of the major items m the diet of the natives who 
lived along the arctic shores A love of gregariousness and the habit 
of remaining close to shore have proved to be fatal characteristics of 
the wall us Hundreds and even thousands haul upon the beaches to- 
gether and make the hunter’s task all too easy There is a record of 
more than a thousand of these animals being killed m Spitzbergen 
within a few hours Now they are seldom seen in the waters north 
of Europe. In a similar manner over-hunting has greatly diminished 
their numbers in all arctic waters, and in many places they have 
virtually disappeared 

The Sealing Industry of Antarctica. A century ago the waters bor- 
dering the Antarctic continent supported millions of fur seal and sea 
elephants The one is valued for its skin, the other for its oil In 
1800 the fur seal “swarmed” m the waters about South Orkney, South 
Georgia, and the Shetland Islands. At South Georgia a single vessel 
took 57,000 skins m one season, and hundreds of thousands were taken 
by other ships In 1885 only 2 fur seals were killed in that region, 
and few have been seen there since. In a similai manner the fur seals 
have been practically exterminated in other antarctic waters. 

The huge, ungainly sea elephant, another antarctic animal which 
has been of considerable commercial value, is still widely distributed 
about the antarctic islands and is now piotected by law Like other 
seals, the sea elephants are gregarious and spend much of their tune 
ashore These habits make them an easy prey for man, who has traced 
them to all their island haunts The demand for oil has not been suffi- 
ciently great to threaten the extermination of the sea elephant A 
few thousand of these animals are lulled every year, but they are still 
plentiful about many of the antarctic islands 

Whaling. During the nineteenth century whaling was an impor- 
tant industry m both the Arctic and Antarctic seas In 1820, Hull, 
England, sent 62 ships to the old Greenland whaling grounds, and the 
season’s catch of oil and bone exceeded a million dollars in value The 
price of the oil fell when mineral oil and gas were introduced as 
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lllununants But as the price of oil declined the value of bone (baleen) 
increased By the end of the nineteenth century whalebone was 
selling for $10,000 a ton 7 At such fabulous prices the catch need not 
be large to show a profit for a season’s voyage If the season had 
been especially successful and seveial whales had been caught the 
owner of the vessel returned home independently rich and the wages 
of the crew were correspondingly large Occasionally a side whale 
was caught which contained ambergris. Such whales were ventable 
gold mines 8 Many lespectable fortunes were made by New England 
and western European whalers within a few years 

The whaling fleet was not always successful The industry was a 
dangerous one, especially in the Arctic Sea, and took a heavy toll of 
ships and human lives along the north coast of Alaska, Canada, and 
Siberia Strong northern winds sometimes bring the ice down sud- 
denly from the north, catching the ships and driving them ashore. 
R N Rudmose Brown, in writing of this subject, says that in 1876 
36 ships were crushed off Point Belcher, and in 1879 several weie 
caught and destroyed 40 miles off Point Barrow with great loss of life 

At the beginning of the twentieth century a cheap substitute Was 
found for -whalebone The puce of baleen dropped immediately, and 
within a few years it was selling for less than $500 a ton At such 
prices a whaling voyage without the certainty of a “full ship” faced 
the prospect of financial disaster, and the whaler turned to some 
other type of fishing. 

The whaling industry of the north polar seas is now of little im- 
portance, a romantic industry has all but disappeared A few years 
ago 300 whaling vessels passed Bering Strait annually Now the 
whaler seldom appears along the coast of Alaska 

The whaling grounds of the Antarctic Ocean were opened up in 
1904 by the establishment of floating factories m that vast but slightly 
exploited sea The floating factory has huge, jawlike gates in the 
ship, which when opened reveal a sloping “gullet” from the sea up 

7 The bony skeleton of a large right whale weighs 8 to 10 tons but the flexible 
whalebone (baleen) weighs only 1000 to 1500 pounds 

8 Ambergris is a secretion produced only m the intestines of a sperm whale 
Presumably the squids upon which the beast feeds cause irritation in the intestines 
Ambergris is found about these spots Formerly, it sold for more than $200 a 
pound, and a single whale might produce hundreds of pounds Ambergris is 
used ns a base for the most delicate perfumes, not for its odor but as a fixative 
to make the perfume last (Roy Chapman Andrews, The Ends of the Earth, 
Garden City Publishing Co , 1934 ) 
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to the deck A whale can be dragged up this slope to the deck, which 
is then turned into a factory This pelagic whaler opened up a vast 
aiea in the Antarctic Ocean which hitherto had been beyond the 
limits of a factory Consequently, the whaling industry was renewed 
on a larger scale than ever before From 1930 to 1947 more than 90 
per cent of the world’s supply of whale oil was obtained from the 
Antarctic whaling grounds where the bulk of the oil is extracted on 
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Fig 224 The whale-oil industry will never be so important again as it was during 
the second and third decades of this century The whaling grounds have already 
been greatly depleted and the catch is now limited by international agreement to 
approximately one-third (m oil take) of that of 1931-1932 (Courtesy Foreign 
Commerce Weekly , U. S Department of Commerce, February 1946, p 2 ) 


board the floating factones that are stationed along the edge of the 
ice field In 1937-1938, Antarctic pioduction reached a total of 
541,000 tons of whale oil and more than 51,000 whales were lolled. 
The catch is now limited by international agreement to 16,000 blue 
whale units a year (A unit consists of one blue whale or two fin 
whales ) Such a catch provides about 250,000 tons of oil worth $450 
a ton in 1947, as compared with approximately $150 a ton before 
World War II 

The whaling industry of every region has followed the same course 
—first a period of rapid development and profitable enterprise followed 
by collapse and final failure. By the fifteenth century the Basques 
had exterminated the whale in the Bay of Biscay. In the sixteenth 
century the Newfoundland fisheries rose and fell Then the Green- 
land whale was discovered, and from the beginning, of the seventeenth 
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century to the middle of the last century a series of whale fisheries, 
one after another, flourished and then failed In 1865, just when it 
seemed that whaling m the North Atlantic-Arctic was dead, Svend 
Foyn, a Norwegian, invented the modern harpoon gun This opened 
a new fishery, that of the gieat rorqual whale which hitherto had been 
too fast and powerful to be attacked Then histoiy lepeated itself, 
and for many yeais now only few whaling vessels have operated in 
the Noith Atlantic and adjoining Arctic. In a similar mannei, but 
much more quickly, the whaling industry of the North Pacific-Arctic 
region rose and fell In 1937-1938, the whaling industry of the Ant- 
arctic Ocean reached the peak of all times in the number of whales 
killed, but the output of oil was less than in 1931—1932 (Fig. 224). 

International regulatory measures have been taken to preserve the 
whales that inhabit waters south of latitude 40° S. These measures will 
at least prolong the life of the whaling industry of the Antarctic 
Ocean Whether the restrictions are sufficient to prevent the over- 
exploitation and the consequent undue decline of whaling remains an 
unanswered question 

BIRD LIFE OF HIGH LATITUDES 

In addition to the mammals there is a rich bird life m both the arctic 
and antarctic regions Practically all the birds obtain their food from 
the sea, and, except for the ptarmigan and white owl, all are summei 
visitors. Most widespread and loyal to the arctic is the ptarmigan, 
which varies its plumage so effectively with the season that it scarcely 
can be seen against either the stony banks in summer or the snow 
in wmter 

Millions of migrant buds such as geese, ducks, and gulls visit the 
arctic region, where they nest during the summer on the rocky shoies. 
When the weather is favorable the natives of northern Canada and 
Eurasia make visits to these islands in older to lay in supplies of duck 
meat and eggs. 

The only arctic bird of commercial value is the eider duck, from 
which eider down is obtained for local use or for export. The Eskimos 
prize eider down for lining gloves or clothmg and the eidei skins for 
the manufacture of light and warm clothing 

The bird most common to Antarctica is the penguin, which gives 
life and animation to many lifeless and desolate coasts. The most re- 
markable species is the Emperoi penguin, which stands, when full- 
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grown, 3 feet high, and weighs moie than 80 pounds. The Emperor 
is a rare bird, and only a few rookenes are known to exist 
The Adelaide penguin, which stands about 18 inches high, has been 
called “the population of Antarctica ” We aie told by Rudmose 
Brown, in his book The Polar Regions, that the Adelaide penguins aie 
almost human in their behavior The exploreis of Antarctica always 
welcome their arrival, which is a suie sign that the long cold winter 
is ovei, and their “funny antics, strange conceits, and little foibles” 
are a source of entertainment about ships and at camps 
The number of these penguins is prodigious Many an antarctic 
coast is alive for miles with nesting birds, and discordant with their 
ceaseless chatter One estimate puts the number on Laurie Island, 
one of the South Orkney group with an area of only 30 square miles, 
at more than 5,000,000 during the nesting season 
Man has wrought some havoc among the penguins, but he has left 
many of their rookeries undisturbed At the Falkland Islands there 
formerly was an industry of boiling down penguin oil In 1868 a 
single ship load of oil represented the product from nearly 500,000 
birds The penguin is now protected by law and its numbers are 
increasing 


CONCLUSIONS ON POLAR SEA ANIMALS 

Thus a study of the arctic and antarctic sea life indicates that, m 
spite of the relative inaccessibility of these waters, their most valuable 
animal resources have been overexploited and some of them almost 
exterminated The habits of some of these animals made them an 
easy prey of the white man, and the great demand for their products, 
such as fur, oil, bone, and ivory, stimulated the search for them and 
set a premium upon then destruction. Since the high sea is interna- 
tional territory it was difficult to pass laws protecting these animals, 
and competition rather than cooperation was therefore unavoidable 

Fortunately the decreasing demand for oil and bone checked the 
slaughter of whales and of those seals and birds which were caught 
primarily for their oil products Before the fur seals were completely 
exterminated the nations were able to agree upon a pelagic sealing law 
which has saved these animals from extermination. Of some of the 
mammals, such as the walrus and the antarctic fur seal, only a few 
remain— a precious seed which will increase in numbers if given suffi- 
cient protection 
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PEOPLES OP THE TUNDRAS 

As measured by population density the tundras may be classed 
among the most desolate deserts of the woild The peimanent pop- 
ulation of the Canadian tundias, covering approximately 1,000,000 
square miles, is estimated at less than 6,000— one family for each 800 
square miles 0 The arctic slope of Alaska with its mining, fishing, and 
pastoral industries supports about 10,000 people, and the vast and 
desolate tundra of Siberia is the home of only a few thousand Samoy- 
edes, Yakuts, and Eskimos, all of whom eke out a piecanous living 
along one of the least accessible coasts of the world Although the 
tundra of northern Europe is the most populous of all these sub-arctic 
regions and has the best developed civilization, yet even this land 
supports less than one person per square mile 

Tundra Culture 

The environment of the tundra demands an amazing adaptation of 
man to his climate and meager resources The chief occupations are 
hunting, fishing, and tending the reindeer With few exceptions a 
nomadic or semi-nomadic life is imperative The hunter must follow 
the caribou, seal, or other game from one feeding giound to anothei, 
the fisherman must be ever ready to migrate and perhaps to become 
a hunter when fish are not abundant, and even the pastoral tribes must 
constantly be seeking new grazing grounds 

Nomadic Culture 

The Canadian Eskimo The entire Eskimo race probably does not 
number 35,000, of which 16,200 live m Greenland The Canadian 
Eskimos number approximately 6,000 and are among the most isolated 
peoples of the world They are shut in between the eternal ice floes 
of the north polar sea and the barien “high tundras” to the south 
(Fig 225) In places the Eskimo culture touches that of the forest 
Indian to the south, but there is little intermingling of the races The 
red man is hostile to the Eskimo and treats him as an inferior 

* The total number of Eskimos in the entire Dominion of Canada is about 
7,200, located mainly in the Northwest Territories, with approximately 1,780 in 
Quebec Canadian Year Book, 1946, p 1133, and 1947, p 1163 
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Although the Eskimo race is badly cut up into isolated groups by 
the broken character of the coast, the conditions of life are so much 
the same and the contacts frequent enough so that the peoples of the 
various groups are wonderfully alike both m appearance and in human 
activities. The major contrasts in human activities are those forced 
upon the Eskimos by the nature of the resources found in the various 
regions m which they live The Eskimos living on the coast gain 



most of their living from the sea and their chief occupation is fishing; 
the Eskimos who dwell in the interior are supported largely by wild 
game, and their chief occupation is hunting Recently, the reindeer 
has been introduced into the tundra of Canada, and the number is 
increasing rapidly Undoubtedly, within a few years the reindeer 
will play a much more important role in the life of the Eskimo than 
at present. 

Coastal Peoples, a Fishing People. Most of the Eskimos aie a 
coastal people whose food is obtained almost solely by hunting, chiefly 
in the sea In summer the seal and other sea mammals are hunted in 
open water, in frail boats— the kayaks— made of skins stretched on 
frameworks of driftwood or bone, and sewn with sinews, in winter 
the seals are surprised and speaied at holes in the ice where they come 
up to breathe. The weapons of the natives are made of the teeth or 
tusks of animals, and their clothing is made of skins Even the sledges 
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drawn by dog teams over the frozen snow are largely fashioned from 
the bones and skins of sea mammals 

Sometimes the Eskimos find seal and other sea mammals scarce 
Then they migrate to find the nesting places of buds, or to seek new 
hunting or fishing grounds along the coast. Perchance they travel 
a little inland to follow the canbou or the musk ox, but that is the 
exception, not the rule Wherever they go the quest for wild animals 
is their mam object. 

Dress The men and women all dress alike They wear boots, 
trousers, and hooded jackets made laigely of seal skins, but the skins 
of foxes, caribou, bears, and other animals are also used The skins 
of eider ducks are especially prized for clothing, but they are ex- 
pensive Several seals are exchanged for a single pair of eiderskin 
gloves 

Houses Many of the coastal Eskimos live most of the tune in log 
huts, or houses built of wood, peat, or stone, but tents and igloos are 
still common In spring, summer, and autumn the Eskimos who do 
not have permanent houses and those who aie forced to move m ordei 
to find better fishing or hunting grounds live m seal-skin or canbou- 
skin tents, in winter they build their snow houses, which lequire only 
the heat of a tallow lamp to give complete piotection against the cold 
George Binney m writing of the Eskimo dwellings says that tents 
and ’snow houses have the hygienic advantage of not being permanent 
establishments, and are therefore less likely to harbor the germs of 
disease On the other hand, these dwellings have their unsatisfactory 
features Winter sets in before theie is sufficient snow for the build- 
ing of snow houses, and likewise m the spring the igloos melt before 
the snow is off the ground. During these two transition periods tent 
life is extremely cold, and extremely wet, respectively The exposuie 
and the dampness thus encountered are allies of tuberculosis 

In Labrador and other places along the coast many of the Eskimos 
have abandoned tents and snow houses and are living m stone, peat, 
or wooden shacks, Such a change is of doubtful benefit among primi- 
tive peoples who know little about the laws of sanitation 

Eskimos of the Interior or “Caribou Eskimos.” Parts of northern 
Canada are among the most isolated and inaccessible places in the 
world. This is especially the condition which exists m the “barren 
grounds,” a large tract of untimbered land lying just west of the 
northern half of Hudson Bay. On the north there are ramifications 
of the Aicdc Ocean permanently filled with ice and fog, which bar 
entrance, on the south and to some extent on the west lie great track- 
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less foiests, where tiavel is slow and difficult It is because of this 
isolation that these “barren grounds” aie still the home of the most 
primitive and uncivilized tribes of Eskimos to be found anywhere 
The life of these people is a hard one— so hard, indeed, that they glow 
old before then time 

These interior Eskimos depend almost entirely upon canbou for 
their suppoit This hardy animal supplies them with food, clothing, 
summer shelter, and warm bedding foi their winter homes Since 
they must follow the caribou they are forced to lead a nomadic life, 
and any permanent houses of stone, wood, or peat would be incon- 
sistent with their method of living They therefore live in tents dur- 
ing the summer and in snow houses durmg the winter 

These interior Eskimos are distinctly handicapped because of a short- 
age of fuel supply The caribou does not provide large quantities of 
fat for fuel, and the Eskimo’s home remains unheated even though 
the temperature may often fall below — 50° F A more serious result 
of fuel shoitage is the fact that for days in succession they may have 
nothing to eat but frozen meat with not even a mouthful of hot soup 
to help it down 

Anothei senous difficulty is that of getting their footwear dry after 
a long day’s hunting If they have skins enough the wet things are 
thrown away and replaced by new ones, failing this the old wet 
clothing has to be dried at night by laying it next to the body 10 

Unfortunately the life of the “caribou Eskimo” is made harder by 
the fact that the moving of the caribou during the summer and autumn 
comes at just those seasons when traveling is most difficult The in- 
troduction of fireaims probably aided the Eskimo for a time, but in 
the end these superior facilities defeat their purpose by making pos- 
sible the excessive slaughter of caribou and thus unduly reducing their 
numbers As a result, according to Knud Rasmussen, the inhabitants 
of some areas have been completely exterminated by starvation 

Semi-Nomadism 

The Influence of Domestic Animals. The peoples who have do- 
mestic animals differ m many respects from those who live by hunt- 
ing In general their resources are more dependable, they have better 
tents or huts, better equipment, and a greater variety of utensils and 
weapons Since their mode of life provides greater material resources, 

10 Knud Rasmussen, Across Arctic Ameuca, G P, Putnam’s Sons, 1927, p 78 
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they are able to purchase a greater abundance of articles from civilized 
peoples 

Progress in Arctic Alaska The domestic reindeer has wrought 
great changes m the lives of the Laplanders and the Alaskan Eskimos 
The reindeer of Alaska number about 500,000 Those of arctic Alaska 
number about 400,000 head, of which the Eskimos own about two- 
thirds Along the coast of the Arctic Ocean huts have been replaced 
by houses, camps by villages, and barter by systematic trade In short, 
the nomadic hunters are being transformed into a semi-nomadic class 
which is adopting civilized methods of life Along this coast are 
villages such as Barrow and Point Hope with houses, schools, churches, 
and stores It must be remembered, however, that these villages must 
forever remain small since the tundia can support only a few reindeer 
per square mile 

Culture in Lapland. The Lapps lead a semi-nomadic life They 
depend m part upon hunting and fishing, but their most valuable 
resource is the domestic reindeer Each group has a summer settle- 
ment and another settlement for winter During the winter they 
live in villages usually located within the marginal zone of the north- 
ern forest where the herds of reindeer find some shelter from the 
winter storms When the snow melts, some of the Lapps drive their 
herds to the mountains m order to find good pasture and, at the same 
tame, to escape from the poorly diained tundra where swarms of 
mosquitoes and gnats torment both man and beast Others go to the 
coast where they fish during the summer. They leave behind them 
all their winter necessities stored in wooden buildings ready for use 
again In the fall. 

The Lapps produce a surplus of reindeei meat and hides which is 
sold in the coastal cities of Norway and other European countnes 
With the proceeds they purchase coffee, cloth for summer clothing, 
and machine-made utensils and weapons 

Civilization in Iceland. Iceland, bathed by the warming winds 
from the Gulf Stream and settled by European colonists, has de- 
veloped the highest civilization found within the subarctic regions 
Its area of 40,000 square miles, the size of Ohio, has habitable grounds 
of less than 10,000 square miles Yet it supports about 100,000 people, 
mostly of Scandinavian descent. It has good public schools, a univer- 
sity, a national library, and publishes many newspapers and periodicals 

The pastoral activities represent the most important industry of 
the island At present the pastures support more than 20,000 cattle, 
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many thousand pomes, and more than 1,000,000 sheep At times the 
annual exports from this small island reach $30 or $40 per capita 

The Yakuts. Even the pastoral peoples are compelled to live in 
extreme poverty in the harsher parts of the tundia. This is well illus- 
trated by the Yakuts, who live in the northeastern part of Siberia, one 
of the coldest lands in the world They tend their heids of cattle, 
hunt foi seal along the shore, and fish in the streams and m the Arctic 
Ocean They occupy several square miles of pasture per capita Yet 
the majority of householders have only the bare necessities of existence, 
and the loss of a cow may leave a family immediately in serious cir- 
cumstances 

Developments in Soviet Russia, During the decade 1930 to 1940, 
the Soviet Union made remarkable progress along the arctic shore of 
Euiopean Russia Forty to fifty thousand people have gone into 
this cold land to live Ports, cities, and airports are being developed, 
and the lumbering industry and trade are being promoted The 
lumber industry is supported by the timber of the great northern 
forest which lies along the southern border of the tundra The logs 
aie floated down the northward-flowing rivers, either to the sawmills 
situated along the arctic shore or to ships for export to western Euro- 
pean countries 

The Cultural Effect of a Change in Environment 

According to Ellsworth Huntington the Samoyedes of northern 
Siberia appear to afford an interestmg example of the way m which 
a change in environment causes a change in civilization “The 
Samoyedes once lived much farther south than now, m the better 
part of Siberia, and were correspondingly more highly civilized 
They were all acquainted with mining, for example, and sometimes 
dug shafts to a depth of fifty feet They knew how to build furnaces 
wherein to melt copper, tin, and gold, they manufactured weapons 
of hard bronze and made gieat pots The polished decorations of 
bronze and gold testify to a high development of artistic feeling and 
industrial skill They were not nomads, but husbandmen who prac- 
ticed irrigation and built canals whose rums can still be seen They 
kept domestic animals, including a few horses, together with sheep 
and goats.” 11 

11 Ellsworth Huntington, The Hitman Habitat , p 66 Reprinted through cour- 
tesy of D Van Nostrand Co 
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The Turkish invasion of southern Siberia drove the Samoyedes 
farther north, where they have degenerated to a very low stage of 
civilization “Today the Samoyedes of the lower Ob have no domestic 
animals and maintain themselves by hunting and fishing They dress 
in skins, use implements of bone and stone, and eat carnivorous naimals 
including the wolf Instead of finely made copper utensils they use 
the crudest earthenware Their huts resemble the stone huts of the 
Eskimos, their graves are mere boxes left on the Tundra Such a low 
stage of culture is almost essential because a higher stage can scarcely 
be maintained on such a slender environmental basis, but it by no 
means implies the absence of fine qualities The Samoyedes are noted 
for their honesty and independence, and are highly courageous But 
neither these qualities nor almost any other can compensate for the 
repressive effect of an environment where even the herding of reindeer 
is beset with great difficulties, and men of every race are forced to 
become nomadic hunters if they would procure the means of life.” 12 

HYGIENIC CONDITIONS OF POLAR AND SUBPOLAR REGIONS 

Most European explorers of high latitudes have enjoyed a relative 
degree of freedom from diseases, even when exposed to hardships 
which undermine the physical condition and leave the weakened body 
with less than normal resistance against disease germs Both the Lapps 
and the Eskimos are relatively healthy peoples except when diseases 
new to them and against which they have developed little immunity 
are introduced by the explorers or fishermen The healthfulness of 
high latitudes is probably related to the low atmospheric humidity, 
the chemical purity of the air, and the relative freedom from bacteria, 
especially during the winter months 

The tundra peoples seem to be healthiest during the winter and 
succumb to illness in the spring when tent life gives inadequate pro- 
tection against the melting snow and damp ground 

Unfortunately the nomadic tribes of the tundra, like so many other 
primitive peoples, have shown little resistance to the white man’s 
diseases. Diseases of the lungs, once introduced, are especially dis- 
astrous Tuberculosis is now widespread among many of the Eskimo 
tribes scattered from Alaska to Greenland and is espe ciall y threaten- 
ing among the tribes of Labrador who have abandoned the snow 
houses and tents to live in disease-infected shacks 

12 Op cu, pp 66-67, Reprinted through courtesy of D. Van Nostrsnd Co 
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Another disease which has been especially disastrous among these 
northern peoples is influenza It has been particularly virulent in 
Labrador, where, in 1918, it is said to have caused the death of one- 
third of the entire population In 1928, an influenza epidemic spread 
throughout the whole of northern Canada, resulting m a heavy mor- 
tality among the natives 

FUTURE OF THE TUNDRA 

The tundra must ever lemain sparsely populated, and the standards 
of living are likely to remain low The mciease of pastoral activities 
and the conservation of valuable sea mammals and fish seem to afford 
the best opportunity to raise the standards of living and at the same 
time permit an increase in population density Nevertheless it is 
pointed out by Huntington that these northern hunting and pastoral 
peoples are always poor according to our standards Their wealth is 
largely m their reindeer and unreliable products of the sea. There 
are definite limits to the size of the herd which any one man can 
maintain, especially in the tundra, where the carrying capacity of the 
pasture is at best only a few animals per square mile The average 
productive capacity of 100 square miles of tundra would scarcely 
equal that of a moderately good farm m the corn belt Under such 
conditions a nomadic or semi-nomadic life seems best adapted to most 
of these vast areas. Only in favored places aie the local resources 
sufficiently abundant and reliable for man to settle down 

No nomad can ever carry many goods or chattels with him, con- 
sequently he is deprived of most of the things which we consider 
necessities 
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Regions of Sharp Contrasts. Mountainous areas and deeply dis- 
sected plateaus provide areas of violent contrasts, m both natuial en- 
vironment and cultuial development Marked differences in climates, 
soils, topography, resources, and accessibility exist within a few miles 
of each other Accordingly, many types of natural environment 
may be found within a relatively small mountainous area Each type 
is associated with its distinct problems of human adjustment 
Since highlands produce many types of natural environment, man’s 
adjustments to each of these types cannot be explained in the narrow 
limits of a single chapter of this book Nevertheless, certain worth- 
while generalizations can be suggested about highlands in addition to 
those already given regarding climate, soil, topography, resources, and 
accessibility 

For example, highlands act as barriers. Wherever rugged high- 
lands are thrown athwart man’s path they increase the difficulty of 
travel and also the expense and effort of transporting goods. High- 
lands act as barriers not only to man but also to winds, plants, and 
animals This generalization of highlands acting as barriers becomes 
somewhat meaningless except as man studies specific highlands as a 
barrier against some specific thing The climatologist studies the in- 
fluence of the Rocky Mountains as a climatic barrier, the botanist 
studies these mountains as a barrier to the spread of plants; and the 
civil engineer considers these highlands as a barrier to transportation 
Barriers may be few or many, long or short, high or low, steep or 
gentle, snow covered or dry, jungle covered or bare rock Thus the 
Himalayas, Andes, and Pyrenees mountains are powerful barriers m 
many respects They are high, long, and steep The Alps, on the 
other hand, are high, but they are crossed by many passes at com- 
paratively low elevations 

The Himalayas form a barrier difficult for man to cross The Alps 
with then: low passes are easily crossed m times of peace but the 

m 
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passes can be relatively easily held in times of war Thus the lmpoi- 
tance of the Himalayas as a barrier to man is rather effective at all 
times, whereas the importance of the Alps as a barrier depends some- 
what on political conditions. 

Many generalizations have been made about highlands Such gen- 
eralizations should be studied with care before they are accepted as 
applying universally to all highlands A study of the following gen- 
eralizations indicates that some of them have umveisal application, 
whereas others apply only to ceitam mountainous regions (1) High- 
lands influence rainfall (2) Highlands influence temperature condi- 
tions (3) Highland agriculture is difficult to develop (4) Highlands 
act as barneis to man, plants, and animals (5) Highlands act as a 
defense against enemies (6) Highlands make good places of refuge 

(7) Highlands tend to cause isolation and to retard human progress 

(8) Highlands are used as political boundaries (9) Some highlands 
have helped to preserve ancient customs, manners, and languages 
(10) Highlandeis are largely economically independent (11) High- 
lands are important sources of water power, mineials, and forest 
products 1 

A study of the above statements that have been selected from vanous 
sources will indicate something of the dangers of geneializing High- 
lands have played a part m determining national boundaries, in pro- 
tecting peoples from their enemies, and in preserving ancient customs, 
manners, and languages. Yet not all highlands have been useful in 
these respects 

For oui special study the highlands of the world are divided into 
two groups as related to their influences upon cultural development 
These groups are as follows (I) highlands of low latitudes, and (2) 
highlands of middle and high latitudes 

Low-latitude highlands, because of their elevation, provide home 
sites that possess more comfortable, wholesome, and invigorating 
climates than the surrounding lowlands. Consequently, tropical high- 
lands (not all tropical highland areas but the best of them) have be- 
come the centers of the most highly developed native civilization of 
many parts of the tropics. In recent years, the cultural development 
of both tropical lowlands and tropical highlands is largely the result 
of the initiative of energetic peoples from the temperate zones That 
is, the progress is largely due to imported human energy rather than 

1 An excellent study of the influence of mountains on human activities may be 
found in Mountain Geography by Roderick Peattie, Harvard University Press, 
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to native energy Yet even the white man can letam his health and 
energy in the tropical highlands longer than in the tropical lowlands 
Highlands of middle and high latitudes provide, on the whole, less 
favorable opportumties for cultural progress than the surrounding 
lowlands Most highland climates of middle latitudes, when con- 
sidered for the entire year, however, are no more mvigoiating than 
the climates of the neighboring lowlands On the other hand, the 
rugged topography is a distinct handicap to cultuial progiess 
Thus, as a whole, highlands have favored the advancement of civi- 
lization within the tropics and have retarded progress in middle and 
higher latitudes There are many exceptions to this general classifica- 
tion These exceptions are not of sufficient importance to vitiate the 
general principle that has been stated Its tiuth is indicated by the 
fact that in many tropical areas the highlands are more densely pop- 
ulated than the lowlands, in spite of the fact that the rugged topog- 
raphy of the highlands does not lend itself to ease of agricultural, 
industrial, or commercial development Most highlands of middle 
and higher latitudes are, on the other hand, less densely populated 
than the surrounding lowlands 

HIGHLANDS IN LOW LATITUDES 

The low-latitude highlands are widely scattered. In east-central 
Africa they occupy huge sections of Abyssinia, Kenya, Tanganyika, 
Uganda, Rhodesia, and Nyasaland, m Asia they are scattered through- 
out the East Indies, the Philippines, and Ceylon, and they occupy 
parts of the southeastern peninsula of the continent, in America they 
are found in the West Indies, on the mainland from northern Mexico 
to southern Peru and Bolivia, and m eastern Brazil 
The plateaus and mountains of moderate elevations (5,000 to 10,000 
feet near the equator and 2,000 to 7,000 feet near the tropics) possess 
the most agreeable and healthful climate of the low latitudes and in 
general support more highly developed native civilizations than the 
surrounding lowlands 

Climatic Zones of Low-Latitude Highlands 

The climatic conditions found within a mountainous region vary 
almost as markedly as the relief, Places only a few miles apart may 
have striking contrasts in temperatures, precipitation, strength of 
winds, and other atmospheric conditions 



HIGHLANDS IN LOW LATITUDES 575 

Since the temperature of the air decreases approximately 1°F, on 
the average, foi every 330 feet of elevation, 3 high plateaus and moun- 
tains, even within the tropics, rise into the cool, upper layers of the 
air Indeed, many low-latitude mountains rise so high that their sum- 
mits are perpetually snow covered, and glaciers occupy their upper 
valleys 

The seasonal range in temperature is small in both the low-latitude 
lowlands and uplands, but the diurnal range is large, especially m the 
uplands 

Elevation and land forms have almost as marked an influence on 
precipitation as on temperatures Moun-ams which lie athwart the 
path of moisturc-beaimg winds have an abundant rainfall on the slopes 
against which the winds blow (windward), while the opposite slopes 
(leeward) are relatively dry This principle is well illustrated m Cen- 
tral America and Assam The highlands of Costa Rica present a bold 
front to the trade winds As these moist winds are forced up the steep 
eastern slopes the air is cooled rapidly and consequently the aiea is one 
of eternal clouds and showers, the atmosphere is damp, and the luxu- 
riant vegetation is dripping wet On the leeward side not far distant 
sunshine is much more abundant and the annual rainfall may be only a 
few inches Similarly the Assam Highlands which lie directly across 
the path of the summer monsoons are ram drenched on the southern 
slopes but relatively dry on the northern side Cheirapunji, situated 
on the southern slopes, receives an average annual rainfall of 458 inches, 
and during one exceptional year 905 inches fell Shillong, located on 
the northern slope only 30 miles from Chenapunji, has only 83 inches 

Classification of Tropical-Highland Climates The highland cli- 
mates are so varied that they do not readily fall into a few simple pat- 
terns which can be easily classified Nevertheless, a few broad, yet 
significant, generalizations can be made Three climatic zones based 
on differences of temperature are aptly designated by the Spanish 
terms tierra caltente (hot lands), tierra templada (temperate lands), 
and tierra fna (cold lands) A fourth zone that lies between the 
tierra fna and the permanent snow line is sometimes called the -para- 
mos The altitude of each of these zones depends on the latitude. In 
general, each of the zones extends 2,000 to 3,000 feet higher at the 
equator than m latitude 20. 

2 The decrease m temperature with each 1,000 feet of elevation varies con- 
siderably from one place to another, and at the same place from one time to 
another, as a result of differences in exposure to sun and winds and of changes 
in atmospheric conditions 
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The Tierra Caliente. Near the equator the tierra cahente lies be- 
tween sea level and approximately 3,000 feet, while in latitude 20 it 
scarcely extends above the 1,000-foot contour Where this zone is 
well watered throughout the year it has all the characteristics of the 
rainy low latitudes and is so classified (Chapter 5). Where it is and 
it becomes a part of the desert or steppe (Chapter 8), and where the 
rainfall is distinctly seasonal it is classified as low latitude wet and 
dry (Chapter 7) 

The Tierra Templada and Tierra Fria The tierra templada and 
tierra fria are the true highlands of the tropics. They are the lands of 
hot sunshine and cool shade, of warm days and cool nights It is not 
uncommon in such altitudes for the diurnal range to exceed 25° or 
even 30° F At noon the temperature may be uncomfortably high, in 
the evening light wraps are m demand, and the early mornings may 
be disagreeably cold Thus at Fort Hall, Kenya Colony, with an alti- 
tude of 4,410 feet, the mean annual maximum temperature is 80 5° F , 
but its mean minimum temperature is only 64 6° F During the dry 
months of January and February, when the atmosphere of this upland 
is exceptionally clear, the diurnal range usually exceeds 30° F and 
occasionally 40° F 

On the high plateaus the diurnal range is even larger and causes 
great discomfort among the natives. This condition is well illustrated 
on the Bolivian Plateau, which exceeds 12,000 feet m height Here 
Kendrew, in The Climates of the Continents , tells us that, owing to 
the clear dry atmosphere, the sun’s rays are powerful during the day 
and radiation is effective at night During the dry season the shade 
temperatures are about 25° higher at midday than before sunrise But 
this fact does not bring out the significant difference between day and 
night, since the contrast between sunshine and shade is also great. 
“Early m the morning and late in the evening when the sun is below 
the horizon, the cold is liable to be intense even in September and one 
suffers from almost frozen feet In the winter when the winds blow 
and the frosts are yet more severe, the dry cold is so trying that even 
the natives cover up then faces m thick woolen masks, and wrap 
stiawls about their heads and ponchos over their bodies But as soon 
as the sun is a little way above the horizon, its direct rays scorch the 
traveler with their great heat so that he soon begins to pray for the 
night, as the lesser evil of the two . . By day the burning sunshine ' 
so envelops all the brown, dry, dusty ground that everything in view 
stems to vanish m the brightness, and the eye unprotected by dark 
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glasses cannot gaze steadily in any duection When the sun is 
hottest little cyclones raise dust whirlwinds which dance along, often 
by scores at a time ” 



Fig, 226 Diurnal range of temperature for the coldest and the hottest months 
(After Mark Jefferson, “Actual Temperatures of South America," Geographical 

Revtew, July 1926) 


Mark Jefferson has graphically illustrated the great dmmal range on 
the highlands of Peru (Fig 226) It must be remembeied, however, 
that these are shade temperatures, and the full effect of the powerful 
sun’s rays in midday is not indicated here. On the other hand, the 
low temperatures of night are felt more keenly than m most parts of 
the world because of (1) the suddenness with which the temperatures 
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drop, and (2) the strong winds that frequently accompany these wide 
and sudden fluctuations m temperatures 
These harsh climatic changes are not the only adveise atmosphenc 
conditions which man encounters in high altitudes. The air pressure 
over the Andean Plateau of Ecuador, Peru, and Bolivia is only 20 to 22 
inches of meicury, and visitors suffer much discomfort from moun- 
tain sickness Even natives who travel from the coast to the plateau 
are not immune The “soroche,” as the complaint is called locally, 
causes breathlessness and palpitation and, sometimes, loss of appetite 
and nosebleeding Colds are anothei very common complaint of these 
high altitudes 

During the winter cold gales sometimes sweep the plateau and 
cause much suffering and sickness Because of the bronchial trouble 
which follows in their wake they are sometimes called “the harvest of 
death ” 

Man m the Low-Latitude Highlands 

The highlands of moderate elevations are the most pleasant and 
healthful areas within rhe tropics Accordingly the peoples are, for 
the most part, more active and progressive than the natives who live 
either m the hot lowlands or in the high plateaus which extend up into 
the dry, cold atmosphere where temperature changes are harsh and 
sudden 

Agricultural and Pastoral Industries the Major Activities The 
tieira templada is suited to the cultivation, at one elevation or another, 
of a great variety of ciops, including coffee, corn, wheat, sisal, millet, 
pasture, fruits, and vegetables Coffee is the most important com- 
mercial ciop S.nce this zone grows more than 90 pei cent of the 
world’s supply, it has been called the coffee belt Near the equator 
this zone extends from about 3,000 feet to 6,500 feet, but near the 
tropics it lies between the 1,000- and 4,000-foot contours 
The tieira fria has been designated as the hardy-cereal-pasture belt 
Wheat, barley, oats, potatoes, and hardy vegetables mature through- 
out this climatic zone Maize matures in altitudes up to 8,000 feet 
more or less, depending on the latitude 
Above the tierra fria are situated the treeless grasslands (called 
pdramos in parts of Latin America) which are too cold for the matur- 
ing of crops. Grass may grow almost or quite to the snow line, and 
cattle, sheep, llama, and alpaca may be pastured at elevations up to 
15,000 feet or slightly higher 
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The Isolation of Low-Latitude Highlands. Isolation has been a 
retarding influence of major importance in the economic development 
of most low-latitude highlands No navigable rivers afford easy access 
to the heart of these regions, nor can they be reached by raihoad or 
highway except at a tremendous cost They are usually appioached 
across inhospitable lands of one kind or another Swampy coastal 
belts, dense tropical forests, and rain-drenched mountain slopes make 
access difficult from the windward side, to the leeward, the highlands 
may be just as effectively isolated fiom the outside woild by sandy or 
rocky stretches of desolate desert waste In most of these plateaus 
and mountainous areas the effect of isolation is intensified by the 
ruggedness of the topography and the resultant difficulties of develop- 
ing local trade Such conditions must necessarily retard or even pre- 
vent the development of those economic activities which are depend- 
ent upon cheap and efficient transportation facilities 
Even where the highlands are close to the coast and the elevation 
not very great, the cost of transportation may be too high to permit 
the import or export of products other than those of relatively high 
value and small bulk This condition is clearly illustrated in northern 
Venezuela The railroad connecting La Guaira with Caracas winds 
along precipitous slopes mile after mile as it ascends from the lowlands 
to a summit level of more than 3,000 feet The load is now electrified 
and represents the finest in engineering skill. It is an efficient but not 
a cheap system of transportation, and even today the two-wheeled 
mule cart competes for the traffic between La Guaira and Caracas. 

The cost of building a railroad across the plateau is high also, and 
the upkeep is tremendously expensive C S. Cooper, m writing of the 
railway between Caracas and Valencia, says that in the course of its 
111 miles there are 86 tunnels and 212 bridges, the road often coming 
out of a tunnel onto a bridge and immediately entering another tunnel. 
In times of revolution it is an easy matter to blow up some of the 
bridges or block some of the tunnels 
Some of the most spectacular results of engineering to be found any- 
where are represented by the railroads extending from the Pacific and 
Atlantic coasts of South America to the Andean Plateau The central 
railway of Peru is one of the most notable engineering achievements 
to be found in all South America This railway ascends to a height of 
15,865 feet above sea level, the highest point reached by any standard- 
gauge railway in the world. On several of these Andean roads the 
steepness of the grades is frightful and the cog-rail system is used. 
The cost of building and maintaining such roads is so great that freight 
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rates, as a consequence, are exceedingly high. In the highlands of 
Bolivia the llamas are still cheaper earners than railways (Fig 227). 
Thousands of them still carry ore from the mines to the mills and 
frequently even transport goods between two points connected by 
lailway In some parts of South America even the natives follow the 
railway as a highway along which they carry their pioducts to market 
in competition with the la-lroad 

Similarly in southern Brazil, the Serra do Mar is a formidable bar- 
rier which separates the coastal cities from the fertile, well-watered 



Fig 227 A llama pack-train in Peru (Courtesy Carnegie Institute, Washington, 

D C) 


plateau. The widely famed railway which extends from Santos to Sao 
Paulo was built at a tremendous cost, and great engineering skill was 
required to construct it on the steep, east-facing slopes of the Serra do 
Mar The gradient for part of the roadbed is 8 per cent, and it is nec- 
essary to pull the cars up the steep slope by cable Fortunately this 
road is profitable in spite of the great cost of original construction and 
the high operating expenses, since more than one-half of the world’s 
coffee crop passes over it. 

Effect of Isolation on Foreign Trade. The early trade, as might be 
expected, was limited almost exclusively to products of relatively high 
value as compared with the bulk The exports of the Andean High- 
lands and the Mexican Plateau consisted largely of precious metals, 
primarily gold and silver, which could stand the cost of shipment by 
human carriers; from the highlands of eastern Brazil were obtained 
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diamonds and gold, from east-central Africa the daring and frequently 
unscrupulous trader obtained slaves and ivory The slave tiader 
solved his problems of transportation by compelling his unhappy vic- 
tims to carry heavy loads of ivory across desert and through swampy 
coastal forest to some coastal city where both the slaves and then 
cargoes were sold at neighboring markets. The early import trade of 
these regions too frequently consisted merely of trinkets which were 
of little true value to the natives 

As previously indicated, the transportation facilities for most of the 
low-latitude highlands have been materially improved during the last 
few decades, and consequently the possibilities not only of foreign but 
also of domestic trade have been widened A list of the agricultural 
and pastoral exports today includes coffee, tea, cotton, hides, wool, 
sisal fiber, and even wheat, corn, and millet, from the mines are ob- 
tained not only the precious metals, gold and silver, but also tin con- 
centrates, copper, and lead 

The Influence of Elevation and Land Forms as Illustrated in 

Kenya Colony 

Although crossed by the equator, the highlands of Kenya Colony 
support crops which are characteristic of every climatic zone from the 
equatorial lowlands to the polar ice caps On those lower mountain 
slopes which are well watered, as around Lake Victoria, are found 
heat- and moisture-loving plants, such as coco palm, pineapple, rubber 
trees, and plantain, and on the drier eastern foothills the land is largely 
devoted to pasture On the uplands of model ate elevation, 4,000 to 
7,000 feet, coffee and sisal are the important commercial crops and 
supply the major exports of Kenya On the high plateau above 7,000 
feet most of the cultivable land is given to wheat and corn, but such 
ci ops as coffee, tea, fruits, and a great variety of those vegetables most 
commonly grown in Europe and America thrive m the lower parts of 
this zone. Throughout the highlands— except where irrigated— the 
drier areas which are sheltered by mountains from the moisture-bearing 
winds serve as pasture 

A Land Suited to European Colonization Although all attempts at 
European colonization have failed in the hot, humid, tropical low- 
lands, the British are succeeding m establishing permanent settlements 
in the uplands not only of Kenya but also in other east African high- 
lands Here large tracts of cultivable land lie at altitudes of a mile 
or more above sea level, lands which are not unpleasantly hot except 
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foi a few hours during the middle of the day. At Fort Hall, altitude 
4,410 feet, the average annual temperature is only 64 6 ° F , whereas at 
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Fig 228 Much of Kenya Colony consists of a highland well suited to colonization 

by Europeans 


Mombasa, on the coast, it is 78 5° F The average monthly minimum 
temperature at Fort Hall never exceeds 58° F , the mean monthly 



Fig 229 Place map of Kenya Colony 

maximum temperature ranges from 75°to88°F The early morning 
and late evening temperatures are always sufficiently cool and mvigo- 
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rating to stimulate both mental and physical activities The British 
have spoken of the uplands as an aiea of perpetual spring (Figs 228 
and 229) 

European Plantation Agriculture 

Amazing tales of the pleasant temperate-zone climate of the Kenya 
Highlands were told with increasing frequency after 1885 Early trav- 
elers and traders also recorded the existence of large areas of fertile 
land well adapted to the cultivation of European crops and having 
nnld temperatures suitable for the successful establishment of Euro- 
pean colonies Yet much of this land was totally unoccupied except 
for big game or was wastefully devoted to grazing Rapid develop- 
ment of these lands was out of the question, however, because of poor 
transportation facilities The only products which could be exported 
profitably were slaves who could walk to market, and ivory which 
could bear the high cost of transportation 8 

The first requisite for the development of plantation agncultuie was 
some improved method of transportation The highlands lie 300 to 
500 miles from the coast, no navigable rivers afforded a highway to 
the sea, and beasts of burden could not be used because of the lavages 
of the tsetse fly Human portage was almost the only means of trans- 
portation, and that was costly It was estimated that human portage 
in legitimate trade cost about 75 cents per ton per mile Thus each 
ton transported from the highlands cost approximately $300 carrying 
charges alone— a cost prohibitive for most agricultural products 4 
Aside from the monetary expense, human portage m this part of 
Africa was extremely costly in life In a single caravan, 2,000 natives 
died of dysentery while crossing Kenya from the Uganda border In 
addition the caravans were the means of conveying epidemics all along 
the route and into the home villages of the porters Under such con- 
ditions it was only natural that plantation agriculture should await the 
construction of a railway, which was completed across the highlands 
of Kenya to the Uganda border m 1901. 

8 The highlands of Kenya were seldom raided for slaves, partly because of 
the difficulty of crossing the desert back of the coast, and partly because of the 
fear of the fierce Masai who occupied part of this upland area Occasionally, 
however, when traders found ivory difficult to obtain, they resorted to the slave 
traffic so as not to return to the coast empty handed (W McGregor Ross, 
Kenya from Within, George Allen & Unwin, London, 1927, p 23 ) 

4 Donald Fraser, The New Africa, Missionary Education Movement of the 
U. S, & Canada, New York, 1928, p 68 
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The Labor Problem of the Kfnya Highlands 

Since the completion of the railway, European settlement has been 
rapid and plantations have been expanded and developed with remark- 
able rapidity. Since cheap labor is needed to work these plantations 
the labor policy of the planter encouiages the natives to work foi 
European settlers even to the neglect of native agriculture When the 
numbei of willing workers is not sufficient to meet the planter’s needs, 
more are recruited, by coercion if necessary 

Such a policy is m shaip contrast to that followed in the equatorial 
lowlands where the heat and humidity prevent true European coloniza- 
tion In these unhealthful and debilitating lowlands the natives are 
urged to till their own lands and to sell any surplus that they may pro- 
duce to European middlemen 

The results of these divergent labor policies are forcefully indicated 
m the accompanying table, which shows that Kenya ranks first m the 
percentage of native laborers under European employment. This 
table is all the more impressive when due consideration is given to the 
fact that Kenya was one of the last sections of tropical Africa to be 
exploited by Europeans 


Percentage of Adult Male Population under. European Employment * 



Adult 

Number 

Percentage of 


male 

continuously 

adult male 

Territory 

population 

employed 

population employed 

Kenya 

500,000 

169,000 

33 8 

Belgian Congo 

2,100,000 

300,000 

14 3 

Gold Coast 

495,000 

25,000 

5 4 

Uganda 

629,000 

25,000 

4 0 

Nigeria 

3,732,000 

80,000 

2 1 

* Reprinted by permission from The Native Problem tn Africa , 

Raymond L Buell, 


The Macmillan Co , 1928, p 346 

Crop Production 

Coffee and Sisal the Major Commercial Crops. The southeastern 
section of the highlands, the Kikuyu Plateau, hes for the most part 
between the 4,000- and the 7,000-foot contours and may be designated 
as the tierra template The plantations situated within this area are 
given primarily to the production of coffee and sisal (Figs. 230 and 
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231), which together occupy practically the entire tune and attention 
of the English settlers 

Almost immediately after the settlement of this area, coffee became 
the most impoitant commercial ciop and has remained in first position 
to the present time The cultivation of coffee is limited almost exclu- 
sively to European plantations The natives are effectively prevented 
from growing it by “The Coffee Plantation Registration Ordinance,” 
which requires every coffee grower to secure an annual license costing 



Fig. 230 A coffee plantation m Kenya The large trees m the background are 
grown to shade the coffee trees and to protect them from the drying winds 
(Courtesy U S Department of Agriculture ) 


30 shillings 0 Even if this sum were not prohibitive to natives, the dis- 
trict commission can lefuse to issue a license 

The coffee plantations are all situated between 4,000 and 7,000 feet 
in altitude, the best results being obtained at altitudes ranging from 
5,000 to 6,000 feet The general tendency is for the lower altitudes to 
produce a heavy yield of low-quality coffee and the higher altitudes to 
produce a lighter yield of the better quality. 0 The area of most exten- 
sive cultivation and abundant pioduction is situated on. the southeastern 
border of the Kikuyu Plateau, at an altitude of 4,000 to 5,000 feet. It 
is near the Uganda Railway with only a short haul to the coast The 
neighboring districts are densely populated with natives who supply 
most of the labor. 

* Kenya Coffee Ordinance, 1918, p. 9. 

a Kenya, Its Industries, Trade, Sports, and Climate, Kenya Empire Exhibition 
Council, 1924, p. 58 , 
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The greatest feai of the coffee planter is adverse climatic conditions 
Droughts are sometimes severe and senously injiue crops, as m 1921 
and again in 1924 During these dry seasons hot winds from the north 
may almost destroy a crop within a few days. In order to i educe the 
exposure to these winds many of the plantations ate situated on south- 
facing slopes Throughout the highlands hailstorms are fiequent and 
cause much damage, and on the higher elevations the crop is adveisely 
affected by the low temperatures at night. 7 

Because of these adverse climatic conditions the acreage yield of 
coffee varies gieatly from year to year, as is indicated by the following 



Fig 231 The background shows a field of mature sisal, in the center mav be seen 
piles of leaves ready for the decortication plant, and the foreground shows the 
sisal fiber drying in the sun (Courtesy U S Department of Agriculture ) 


statement made by a resident of Kenya. “As long as I have lived in 
Kenya it has always been an abnoimal year In 1920 it rained in 
sheets, ill 1921 my garden burnt to dust by the blazing sun, m 1923 we 
were maiooned for weeks when floods and cloudbursts washed all our 
bridges away Last year (1924) there was so little rain that people 
who had budgeted on a hundred tons of coffee, found themselves in 
great disfavor with their bank managers, and had only fifty tons to 
sell ” 8 

In spite of climatic handicaps the coffee industry has prospered as 
the acreage and production have increased The exports of coffee 
normally exceed $5,000,000 annually In 1937, the exports of coffee 
exceeded $6,000,000. The area suited to the ciop is still large, but the 
increasing shortage of labor is likely to be an effective check to con- 
tinued and rapid expansion 

7 Kenya Colony, Department of Agnculture, Annual Report , 1921, p 183 

* Reprinted by permission from Kenya Days, by M Alme Buxton, Edward 
Arnold & Co , London, 1927, p. 78 
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Sisal. Sisal ranks second only to coffee as a commercial product of 
Kenya and is the most reliable of the major ciops of the colony It 
requires a tropical climate with moderate to light rainfall and can 
stand long periods of drought During the years when the rainfall is 
much below normal, injuring the coffee and maize crops, sisal does 
exceptionally well 

Some sisal is grown along the coast, but the area of greatest produc- 
tion is on the uplands near Fort Hall The rainfall is heavier than de- 
sired, but the land is hilly and well drained 
Since Kenya has two growing seasons (rainy seasons) each year, the 
sisal plant grows there more rapidly than in its original home, Yucatan 
It also dies younger, but the number of leaves harvested from each 
plant befoie death is about the same m each country 
The methods of cultivating sisal in the uplands of Kenya differ 
markedly from those in the adjacent lowlands owing to the contrasts 
in climate, soils, and crop association in the two regions In the low- 
lands the fields are not cultivated before planting They aie merely 
cleared of vegetation, after which holes are dug for the bulbils This 
method is adopted partly because of the difficulty of keeping oxen m 
the hot, humid climate and partly because the coral land of the coast 
does not lend itself to cultivation In the highlands the ground is thor- 
oughly tilled in order that other crops such as maize, beans, and wheat 
may be grown along with sisal during the first two years 
Sisal production is primarily a corpoiation industry and conse- 
quently is entirely in the hands of the wealthy European planters 
The manufacture (decortication) requires costly machinery, large ex- 
pense is necessary to house and pay the laborers, and economical pro- 
duction requires the cultivation of an extensive area in order to supply 
sufficient raw materials (leaves) to keep a plant in steady operation 
throughout the season Moreover, there is no financial return the fiist 
two or three years. These conditions have effectively prevented 
native production of sisal. Thus the two major commercial crops of 
the Kenya Highlands are grown almost exclusively on the plantations 
of European settlers, and under European management, but by native 
labor 

A Land of Agricultural Diversity. The western part of the high- 
land contains large areas of cultivable land, which range from less 
than 4,000 feet near Lake Victoria to more than 8,000 feet in the 
higher parts of the Uasm Gishu Plateau This area, at one level or 
another, is suited to plantain, coco palm, cotton, coffee, sugar cane, 
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tea, wheat, barley, maize, pasture, and a great variety of fiuits and 
vegetables 

The crop production is closely related to elevation, climate, topog- 
raphy, and tianspoitation facilities Where the land is exceedingly 
rugged and poorly suited to cultivation, it is left in the possession of 
the natives who tend their flocks and herds on the steep slopes and 
cairy on a little primitive agriculture in the narrow valleys Most of 
the land well suited to cultivation has been taken over by the English 
planters 

The cultivated land of the high plateau is laigely given to maize, 
wheat, barley, and pastuie, yet some coffee is grown foi expoit, and 



Fig 232 The natives of Kenya Colony plantmg corn with sharpened sticks 
Mr L W Kephart, who took this picture, said it was the only large group of men 
that he saw working on native farms within Kenya Most of the agricultural 
work is done by women (Courtesy U S Department of Agriculture ) 

fruits and vegetables for local consumption Maize, which requires 
abundant moisture during the earmg season, is well adapted to tins up- 
land Maize is a ciop well suited to primitive agricultural conditions 
since its production requires little machinery (Fig. 232). The maize 
which is intended for export must be grown close to the railroad m 
order that the cost of transportation will not be prohibitive. Maize is 
grown long distances from the railway, however, and marketed indi- 
rectly by feeding it to cattle, sheep, and hogs which can be driven 
to market 

Wheat is grown on relatively level land where laige-scale machinery 
can be used. Thousands of tractors are in operation on this highland 
m spite of the fact that such machinery is necessarily expensive m an 
area so remote from manufacturing centers (Fig. 233) Consequently 
many thousand trained oxen are used on the farms of this upland, 
whereas human energy is still the major source of power for the farm 
in the coffee-sisal area of the Rift Valley where most of the land is 
cultivated by hand labor. 




HIGHLANDS IN LOW LATITUDES 589 

Tea is grown on the better-exposed slopes at altitudes of 6,000 to 
7,000 feet where the precipitation is heaviest and the humidity greatest, 
for an abundance of moisture is necessary for rapid leaf development 
But here, as in many other tropical uplands, the uncertainty of rainfall 
makes it quite impossible to rely on this source for tea cultivation. As 
a result the planter must resort to some artificial method of supplying 
moisture 

The Great Rift Valley and the drier paits of the adjoining highlands 
constitute the pastoial zone where approximately 80 per cent of the 



Fig, 233 Harvesting wheat in Kenya Colony (Courtesy U S Department of 

Agriculture ) 


cattle, other than trained oxen, and 95 per cent of the sheep are raised 
This shows a striking concentration of the pastoral industry within 
part of the highland having less than 40 inches of rainfall 
Although a railroad has been built across Kenya Colony, from the 
Atlantic Coast to Lake Victona, the cost of transportation within the 
mountainous (most progressive) part of the country is still high. The 
chief exports are coffee, tea, sisal fiber, sesame seed, hides, skins, and 
wool All these products are relatively non-penshable and of high 
value compared with their weight and bulk Such commodities are 
best suited to stand the delays and expense involved in export 

Agriculture in Other Low-Latitude Highlands 

The list of crops grown in other tropical highlands is similar to that 
of eastern Africa However, the emphasis given to each crop varies 
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greatly from one region to another, depending largely on the elevation, 
topography, climate, degree of isolation, and other environmental 
factois Withm the tierra templada, coffee is the major commercial 
crop and is grown to a considerable extent in almost every region 
The most important of these highlands commercially is the plateau of 
southeastern Brazil. 

The Plateau of Souihlasiern Brazil, the Major Coffee-Growing 
Region of the World 

It has already been pointed out that tropical highlands have a great 
variety of climatic patterns The plateau of southeastern Brazil might 
just as appropriately be considered with the tropical wet-and-dry 
realm, but since coffee is the major crop it is considered with the other 
important coffee-producing areas, all of which are tropical highlands 

The plateau of southeastern Brazil is sometimes called the land of 
four C’s— coffee, corn, cattle, and cotton Coffee is outstandingly the 
most important crop, and the plateau is the dominant coffee-growing 
area of the world Here physical conditions are almost ideal for large- 
scale production, the area is easily accessible as it lies only 50 to 125 
miles from excellent harbors, and the world demand has expanded 
with increased production Consequently, the industry has grown 
until today coffee is a major factor in the economic and political life 
of Brazil, and it is the leading export not only of the nation but even 
of all South America 

The revenue from coffee furnishes a laige part of the national in- 
come, and the profits from this crop have brought gieat wealth to the 
planters and have made Sao Paulo one of the richest and most influen- 
tial of the Brazilian states 

The natural environment^ of this part of Brazil favors pioduction of 
coffee, The deep lesidual soil of the plateau is rich in mineral fer- 
tilizers, especially iron and potash, essential to the production of high- 
grade coffee The rolling topography insures excellent air drainage, 
and thus the coffee plants, which cover mile after mile of the hill 
slopes, are protected from the unseasonable frosts which frequently 
occur m the valleys 

The climate is almost ideal for coffee cultuie except during occa- 
sional winter seasons when frost, more severe than usual, occurs even 
on the best-protected slopes resulting in serious damage to the crop 
The annual rainfall in the Sao Paulo district averages from 45 to 60 
inches with the maximum , precipitation coming during the summer 
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when the tree and berries are gi owing The autumn and winter are 
relatively dry and sunny, affording the most favorable conditions for 
harvesting and cunng the crop As a result, coffee has become the 
principal support of a large part of the population Any failure in the 
crop or prolonged period of overproduction quickly brings on an eco- 
nomic crisis of the worst soit The government has theiefore encour- 
aged the development of diversified agriculture in order to avoid the 
unpleasant economic consequences which, might result from the one- 
crop system 


Highlands of Tropical America Other Than Brazil 

Like southeastern Brazil, the uplands of Venezuela, Colombia, and 
Central America are best known to the outside world for their coffee 
But on the high Andean Plateau only a few crops are grown, princi- 
pally the hardy cereals and potatoes The land is primarily given over 
to pasture, and the only export of consequence is wool 

The highlands of the Caribbean countries are also important pro- 
ducers of coffee, corn, and cattle, together with a few other subsistence 
crops These areas are highly isolated, and consequently exports must 
be of high value and small bulk Coffee is the agricultural product 
which meets these requirements best. 

Not only are climatic conditions of these uplands suitable for coffee, 
but the cooler climate has attracted most of the population to these 
higher elevations, while few people live in the lowlands Thus the 
European planter and promoter found an abundant labor supply foi 
coffee growing The planter needs laborers to plant and tend the 
orchards and to pick and cure the crop, and also to market the prod- 
uct Since coffee may bring ten cents a pound or more, the native 
Indian may be able to carry seveial dollars’ worth of the product to 
market in a single load In many of these upland areas the traveler is 
likely to meet long lines of Indians trudging along towards the railway 
station with sacks of coffee on their backs With the aid of this cheap 
and abundant labor supply the coffee production is rapidly increasing 
m several of these Caribbean countries and islands, which together 
with Brazil produce about 90 per cent of the world’s commercial 
crop (Figs. 88 and 234) 

Large numbers of cattle are pastured m small herds m all these 
countries Although much beef is consumed locally, little is exported 
But few of the highland areas have suitable facilities for the export of 
meat even if they had a surplus of cattle, which they do not now pos- 
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sess Hides, however, are a general and important export, since they 
can stand the cost of transportation, will keep almost indefinitely even 
in this hot climate, and are injured little by the careless and rough 
handling incident to native methods of transportation 
Although coffee and hides are the principal commercial agricultural 
products, coin and beans are of even greater value to the natives them- 
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Fig 234 Approximately three-fourths of the world’s coffee is grown in Brazil 
and Colombia A large part of the remainder is grown in the other highlands 
of tropical America ( Foreign Crops and Markets, U S Department of Agri- 
culture, Vol 53, No 15, p 209 ) 


selves Millions of little fields are given largely to these two crops, 
together with a few squash, pumpkins, and perhaps a little tobacco 

Tierra Fria. The central plateau of Mexico and the high plateau 
of Bolivia and Peru are excellent representatives of the more populous 
regions of the tierra fria realm The former, with an elevation of 
approximately 7,000 feet, has a climate that is much less severe than 
that of the latter, parts of which are more than 12,000 feet above sea 
level. 

In the central plateau of Mexico, maize is the most important crop 
The fertile soils of the lacustrine plains, the frequent summer showers, 
and the hot summer days are all well suited to this crop, but the cool 
nights and the indifferent methods of cultivation are ill suited to pro- 
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duce the abundant yield obtained m the American corn belt Wheat, 
barley, and beans are also impoitant crops of the better-watered por- 
tions of the plateau, while maguey, a drought-resistant crop, is giown 
on the drier mountain slopes Since the area is largely of subsistence 
agriculture, thm corn cakes ( tortilla ) and beans are staple food of the 
ease-loving and unambitious peons 
Central Andean Plateau As previously stated, the climate of very 
high tablelands is extreme to an unpleasant degree for man, and even 
hardy crops return a low and unreliable yield In the central plateau 
of Peru and Bolivia the night temperatures are so low and the rainfall 
so light that both the variety and the yield of coin production are 
severely restricted The higher levels yield a poor pasture of bunch 
grass and bushes suitable only for hardy animals such as the llama, 
alpaca, and sheep, which can live on this meager fare 
Very little land is given to agriculture, and few crops are grown 
Potatoes, beans, barley, and a little hay, with occasional fields of wheat 
and oats, make up the list The crop yield is so low that there is no 
inducement for Europeans to take an mtei est m agriculture, and the 
Indian cultivates such small patches of land that he could not afford 
modern implements even if he desired them, which at piesent he does 
not The Indians have made little or no progress in their methods of 
farming during the last four centimes Modern implements are prac- 
tically unknown, and cultivation is carried on m a shiftless manner 
Few peoples in the world at present have a lower standard of living 
than the natives of the high central Andean Plateau The very ex- 
istence of many of these peoples is a continuous struggle against cold 
and hunger. Them mud or stone huts are almost without furniture, 
their diet, largely potatoes, barley, and corn, is exceedingly monot- 
onous, and in general, the outlook on life is cheerless at best 
Above the habitable plateau lie the cold, misty, bleak paramos or 
moors Above the moors is the zone of permanent ice and snow 
Occasionally the Indians may drive their flocks and herds into the 
moors for a few days during the hottest season, but this zone will not 
support a permanent population The areas of permanent snow are 
never visited except by daring adventurers or scientists who are willing 
to risk the dangers of mountain climbing at their worst. Stoims are 
sudden and severe, snowshdes are common, the air is rare, and breath- 
ing is difficult. Consequently, even expenenced mountaineers must 
exercise great care m venturing into this zone of permanent snow 
and ice 
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Summary of Agriculture in the Mountains of Tropical America 

In the highlands of tropical Mexico and Central Amenca, and in the 
Andean Highlands from noithern Colombia to southern Bolivia, native 
food crops occup most of the cultivated land Much of the cropped 
area is made up of small cultivated patches hidden away in narrow 
valleys, clinging to steep mountain slopes, or lying on wind-swept 
uplands Maize, beans, and white potatoes aie the chief crops Wheat 
and barley are of minor importance The potato and beans are espe- 
cially important in the higher elevations that are unsuited to maize 
Coffee, cotton, tobacco, and maguey de pulque (used for the manu- 
facture of alcoholic beverages) are grown in scattered aieas as commer- 
cial crops Irrigation, frequently of ancient ongm and practiced by 
laborious methods, is common Since most of the land is poorly suited 
to cultivation, the grazing of livestock is an important adjunct to crop 
production Most of the pasture is given to sheep and cattle, although 
many llama and alpaca aie raised in the Andean Highlands of Peru 
and Bolivia The llama and cattle are the draft animals, but the pas- 
toral industries are carried on chiefly to supply wool, hides, and skins 
for local use and as a cash product 

Mineral Industries of the Tropics 

For almost diree hundred years after the Spanish conquest, min- 
erals were the outstanding economic contribution of the uplands of 
tropical America to the outside world As might be expected m such 
mountainous regions, the great crustal movements of the earth together 
with the agents of erosion have exposed outcrops of both igneous and 
metamorphic rocks of many geologic ages In many places these vari- 
ous rock formations contain rich deposits of precious metals, gold and 
silver, as well as the baser metals, copper and tin 

The fabulous wealth taken from the highlands of Mexico caused that 
country to be known as “the treasure house of the world ” Yet during 
the colonial days the output of gold and silver from Peru and Bolivia 
frequently surpassed that of Mexico The mines of Potosf alone have 
yielded, according to estimate, moie than $3,000,000,000 worth of sil- 
ver, and for 300 years following 1550 Bolivia ranked among the leading 
gold-producing countries of the world The constant flow of gold 
and silver far from the tropical American uplands lured many daring 
pirates to lie in wait along the major lines of shipment, where they 
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hoped to gain unearned riches by the capture of some pooily guarded 
tieasuie ship 

The days of the pirates are gone, but the treasuie ships aie moie 
numerous than ever before and the cargoes are more valuable than 
those captured by the famous buccaneers The slow-moving sailing 
vessel laden with a few hundred pounds of silver and gold has been 
replaced by the great ocean steamship weighted with thousands of tons 
of copper and tin The mountains of Bolivia and Peru have lost much 
of the glamour which allured the early explorer to risk all for fame and 
fortune, but the vast mineial wealth of these countnes is as great a 
challenge to the world today as it was in early colonial times Science 
is meeting this challenge now just as bravery and daring met it four 
centuries ago The Spanish army entered the land equipped with the 
crossbow and arrow in order that they might conquer the natives and 
compel them to give up their treasures of silver and gold, the modern 
industrial army has equipped itself with railroads, power plants, elec- 
tricity, steam shovels, vast smelters, and other industrial plants, m order 
that it may conquer the mountains and wrest from them then treas- 
ures of tin, copper, silver, and gold The Spanish conquerors and 
their successors reduced the natives to a pitiable state of existence, the 
industrial conquest should relieve some of this misery by affording 
opportunity for profitable employment in mines, smelters, and on lail- 
ways. Unfortunately, most of the economic gam goes to foreign capi- 
talists, and the raw materials are used by the great industrial nations 
of the northern hemisphere The present mining industry is largely 
an exploitive one, much as it was in colonial days, and most of the 
profits flow into foreign lands 

No other low-latitude highlands are so abundantly blessed with 
mineral wealth as those of tropical America Nevertheless, the meager 
mineral resources of the highlands of central Africa have been a valu- 
able asset in the development of the native civilization Iron has been 
found in several places and for centuries has been used for the manu- 
facture of spears, knives, machetes, and other simple tools and weapons, 
gold mining is carried on m numerous places, and the metal has been 
used for ornaments and for barter In addition, valuable deposits of 
potash have been reported in northeastern Ethiopia (Abyssinia) 

The rich mining centers of some of the low-latitude highlands have 
furnished markets for agricultural products, machinery, and railroad 
equipment, and in many other ways have contributed notably to the 
industrial development of these areas. This situation is especially true 
in the tropical Andean region For example, most of the machinery 
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entering Bolivia is used foi mining or closely 1 elated pui poses, and 
thousands of laborers have been employed in mines and metalluigical 
plants, many miles of railroad and highways were built primarily to 
tap rich mineral deposits, but they proved later to be an asset to the 
country in other ways also. 


Peoples and Cultures 

When the European exploreis fiist arrived m the various tropical 
highlands, they found there a higher stage of civilization than had been 
attained by the natives of the surrounding lowlands 0 This contrast in 
cultural achievements was largely a consequence of differences in cli- 
mate Since the highlands of moderate elevation possessed compara- 
tively pleasant, healthful, and stimulating climates, it is only natural 
that the natives of these regions would progress more rapidly than 
those of the wet, hot, unhealthful, and debilitating lowlands Thus 
the peoples of upland Peru, Bolivia, Ecuador, central Colombia, and 
Mexico had advanced to a state of semi-civilization while the natives 
of the surrounding lowlands were still steeped m ignorance and sav- 
agery 

When Pizarro landed in Peru, the Incas— centered in the Andean 
Highlands— conn oiled fully one-half of South America Their posses- 
sions consntuted the most extensive empire of the New World 
Moreover, the remains of excellent stonework, pottery, masonry, and 
sculpture, together with the complex social system which they had 
developed, indicate that the semi-civihzanon of this region is extremely 
ancient. “We seem to look back upon a vista whose length it is impos- 
sible to conjecture, a vista of many ages during which this has been 

0 There are a few notable exceptions to the general rule that the native civiliza- 
tion of the tropical highlands was more advanced than that of the surrounding 
lowlands In the highlands of western Burma the hill tribes could communicate 
with one another only by toiling up and down tortuous trails, often not wide 
enough for a pony or a mule This condition helps to explain the backward 
state of these peoples, and the multiplicity of languages and the variety of 
customs found among them. Under such conditions tribal Warfare is common 
“Slavery, human sacrifice, and head hunting still survive, or did, until recently ” 
Likewise the extreme isolation of the mountainous area of western Colombia, 
the Guiana Highlands, and the mountains of Taiwan has helped to presen e 
barbarism in parts of these areas until recent times 

On the other hand, the high stage of cultural development achieved by the 
Maya peoples of the hot, wet lowlands of Yucatan is a notable exception which 
has never been satisfactorily explained 
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the home of peoples already emerged from such mere savagery as 
that in which the natives of the Amazon Valley still live ” 10 

Similarly on the central plateau of Mexico, Cortez found the source 
and power of the great Aztec Empire, and the center of the most 
advanced civilization of North America Primitive agriculture was 
well developed the fertile plateau was intensively cultivated in maize 
and potatoes— both nourishing foods, and the ill effects of unreliable 
rainfall had been overcome, m part at least, by extensive migation 
from the reliable snow-fed mountain streams The neighboring moun- 
tains, rich in precious metals, have been the seat of native mining indus- 
tries for unknown centuries The fabulous wealth of gold and silvei 
accumulated during this long period surpassed the fondest dreams of 
Cortez and his men, astounded the Spanish Court back home, and 
whetted the insatiable greed of the conquistadors of all Europe 

The highland tribes of east-central Africa have no records of such 
an illustrious past as those found m America Nevertheless, their cul- 
tural achievements have been distinctly greater than those of the low- 
land tribes The Abyssinians, aided by the fortress character of then 
country and by the infiltration of capable and energetic peoples of 
Aiabia and North Africa, have been able to maintain their political 
independence and to defend their country against the aggiessions of 
European peoples, without the aid of any foieign power The supe- 
rior skill and training of the Abyssinian warriors have enabled them to 
enslave some of the backward lowland tribes, and domestic slavery is 
stall a recognized institution of the country For centuries, the pastoral 
industry of Abyssinia has been well developed, and although the agri- 
cultural methods were primitive, much of the land has been intensively 
cultivated. 

Similarly some of the tribes of other east African highlands have 
made considerable progress in the agricultural and pastoral industries 
Mr. Francis G. Hall, after whom Fort Hall is named, has given us an 
excellent description of the intensive agriculture of the Kikuyu Plateau 
—the eastern portion of the highland of Kenya— prior to the Euiopean 
colonization In writing of this plateau he stated that every available 
piece of ground was undei cultivation with the exception of a few 
small swamps and patches of grass which were kept for grazing pur- 
poses Still earlier, explorers had reported the cultivation of the area 
as extensive with the whole countryside under tillage. These high- 

10 Reprinted by permission from South America, James Bryce, The Macmillan 
Co, 1921, p ISO 
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land tribes had also learned the arts of self-defense, and some of them 
were such fierce, courageous, and capable warriors that slave tiaders 
did not venture into their territory 

In spite of the noteworthy achievements of these tiopical highland 
peoples, they were still far down the ladder of civilization as meas- 
ured by European standards 

This superiority of European culture was m part at least a response 
to their wider contacts with other peoples We may reasonably 
assume that, m both Europe and the tropical highlands, the inter- 
mixture of different laces and cultures made for achievement But 
James Bryce points out that this great factor in the progress of man- 
kind was far less conspicuously present in some of these highlands 
than in southern Europe For centuries the Euiopeans had been 
schooled among the most advanced peoples of the world, whereas 
ideas filtered into these tropical highlands very slowly Think of what 
Spain owed to Italy, Greece, Egypt, western Asia and to the influences 
radiating from the 1 emote countries of China and India. This contact 
with a great variety of races and cultures was a vital part of the prepa- 
ration of western Europe for her achievements during the colonial 
period. “How different was the lot of the Peruvians, shut m between 
an impassable ocean on the west, a desert on the south, and the savage 
tribes of a forest wilderness on the east. . . . They were out of con- 
tact even with other American peoples, such as those of Yucatan, 
Mexico, and Arizona, for there were vast spaces between, many 
shadowy mountains, dense jungles, and a resounding sea ” 11 These 
peoples were no match, therefore, for their shrewd, wily, brave, and 
greedy conquerors fiom Euiope 

As a result, a governing minority of temperate-zone peoples have 
thrust themselves upon the natives in all the tropical highlands except 
Abyssinia, and even there the ruling class is descendant from Arabs 
and North Africans who peacefully invaded the country and later 
intermarried with the natives and their slaves 

Isolation— lack of opportunities for trade and communication— still 
remains a major factor in retarding economic, educational, and politi- 
cal development of most of these uplands With restricted opportuni- 
ties foi trade are associated limited possibilities for the accumulation 
of wealth, which in turn stunt the educational growth of the inhabi- 
tants The ignorance of a people still invites interference in political 

11 Reprinted by permission from South America , James Bryce, The Macmillan 
Co, 1921, p 151 
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and economic affairs from more powerful nations whose motives, all 
too frequently, are bom of greed rather than of service Foreign 
rule or, as is most frequent, misrule is the result 

It is doubtful that the Mexican Indians were much better off at the 
close of the long Spanish regime than they were when Cortez took 
possession of the country Practically all of them were still sunk m 
profound ignorance and constituted a menace to political or economic 
stability. Education of both the Indians and the mestizos (persons of 
mixed white and Indian ancestry) has been slow Together they con- 
stitute the exploited and oppressed laboring class of Mexico, com- 
monly spoken of as the peons, who because of their ignorance form 
one of the gravest problems of the country 

This condition exists in a land of great natural wealth. In some of 
the highlands where resources are less abundant, and the isolation 
more marked, the native occupies a still more humble position than 
that of the Mexican peon. On the bleak, inhospitable plateau of 
Peru and Bolivia the Indian has little chance to become acquainted 
with the products of civilization There is scant opportunity to ex- 
change the commodities of this dreary environment for those of the 
industrial world He toils on with much the same equipment as his 
forefathers possessed (Fig 235) Modern machinery is practically 
unknown, and existence is a constant struggle against cold and hunger 
The Indians may work m the mines, but many of them dread to leave 
their home community and their own people to enter a world that 
seems so strange and m which the dangers aie unknown For cen- 
turies the white man has taken advantage of the Indians’ ignorance to 
exploit both the people and their resources It is not surprising then 
that the Indian is suspicious of the wlute man even when his motives 
are good. 

Some progress is being made by the Peruvian Indian who works 
in mines and has the most fiequent contact with the outside world, 
but the country-dwelling Indian lives in a miserable mud hut where 
his bed is a sheep pelt or the bare floor, his diet is potatoes, parched 
corn, a stew of vegetables and barley, and on feast days, meat, and 
his education consists in learmng to do the same things in just the 
same way as his forefathers have done for hundreds of years The 
hard struggle for existence leaves little room for a contented and 
happy home life, and there is little show of affection or any of the 
finer feelings which are apparent among the more enlightened and 
progressive peoples. 
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The mountainous region of southeastern Brazil, with its fertile soil, 
equable and reliable climate, and position close to the sea, has attracted 
true colonizers from Europe who are developing sound economic, 
political, and educational institutions similar to those of their home 



Fig 235 Winnowing After being threshed under the hoofs of horses the wheat 
and chaff are tossed into the air where the chaff drifts off with the breeze while 
the grain falls m a pile “Threshing floors" like the one shown are maintained by 
the Indians as common property and are never plowed up In the course of years 
they become either bare and hard as pavement, or covered with smooth, dense 
turf, depending on the rainfall of the particular locality Near Huancayo Mag- 
netic Observatory, Peiu, June 1923 (Courtesy Carnegie Institute, Washington, 

D C) 

countries, Since this region had a sparse native population, the planta- 
tions have been worked largely by European laborers who were more 
intelligent and commanded more respect and better treatment than the 
Indians of Mexico and the Andean Highlands 
True European colonization is also taking place in parts of eastern 
Africa, but here the uneducated native population is sufficiently large 
to do all the manual labor Consequently, a class system almost as 
bad as that of Mexico and Peru is being developed In parts of Kenya 






HIGHLANDS IN MIDDLE AND HIGH LATITUDES 601 

and Tanganyika the power to rule is passing into the hands of wealthy 
European planters while the labor falls to the lot of the servile natives 

The remedy for these conditions lies m the education of the masses 
Under intelligent guidance this process may proceed rather rapidly, 
especially m a region like the central plateau of Mexico which is easily 
opened to commerce and is rich in agricultural and industrial oppor- 
tunities, but in a legion such as the high plateau of Peru, which is 
highly isolated and poor in lesouices, the process is sure to be ex- 
ceedingly slow 

HIGHLANDS IN MIDDLE AND HIGH LATITUDES 

From the cultural point of view a few of the outstanding facts about 
highlands of middle and high latitudes may be listed as follows (1) 
Many mountainous areas afford desirable recreation sites (2) Moun- 
tains and plateaus supply man with many valuable minerals (3) 
Mountain agriculture is normally developed with difficulty, and many 
mountain farmers are poor and backward (4) In many high plateaus 
and mountains, summer pasture and hay are the major economic prod- 
ucts (5) Highlands afford opportunities of developing hydroelectric 
power Many other subjects of mteiest might be suggested to stu- 
dents for study such as (1) feuds among mountaineers, (2) ancient 
customs preserved m mountains, (3) marauding tendencies among 
mountaineers, (4) the difficulty of conquering mountain peoples, (5) 
plant and animal zones of mountains, and (6) avalanches, earthquakes, 
and volcanoes in mountain regions These topics merely indicate some 
of the many ways in which man adjusts himself to highlands Here 
we can only give a few examples of the way in which the highlands 
of middle and high latitudes influence human activities. 

Highlands as Recreation Centers In a prosperous country such as 
the United States, where a large part of the population can take a few 
weeks off from work each year for recreation, many highlands have 
become famous as tourist centers, or as summer or winter resorts 
Yellowstone National Park, Glacier National Park, the Great Smoky 
Mountains, the White Mountains, Mt Rainier, and many other high- 
lands of North America are well-known lecreational centers Beau- 
tiful scenery, cool summer weather, opportunity for skiing or en- 
gaging in other winter sports, and the opportunity to get away from 
the crowded industrial centers are some of the attractions for tourists 
of mountainous areas 
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Mountains and Minerals. It has already been pointed out that some 
of the great mining industries of the world have been developed m 
tropical mountains Many of the important mining centers of middle 
and high latitudes are also found in highlands The same processes 
that build and tear down mountains favor the formation and exposure 
of rich mineral deposits Volcamsm, hot flowing waters, faulting, 
and other processes may bring about the concentration of metals 
Nearly all the minerals that occur in veins are found in disturbed land 
masses On the other hand, erosion, which tears down mountains, 
may carry away the lighter minerals and leave behind rich deposits 
of gold, tin, and other heavy metals Moieover, eiosion tends to ex- 
pose mineral deposits, thus making them easy to exploit The pres- 
sure that causes the crust of the eaith to be wrinkled into mountain 
chains may change low-grade coal into a high-grade product The 
anthracite coal of the Appalachian Mountains of eastern Pennsylvania 
illustrates this fact Thus the processes of mountain building and 
mountain destruction have in many ways favored the development of 
mineral industries 

Mountains and Agriculture The agriculture of mountainous areas 
of middle latitudes is usually more backward than that of the sur- 
rounding lowlands The lugged topography and steep slopes are 
associated with difficulties of cultivation and of the retention of soil 
and moisture. Large-scale farming cannot, therefore, be practiced m 
such areas In sparsely populated areas mountain agriculture is nor- 
mally confined to the narrow valleys and more gentle slopes, and to 
patches of land' on steep slopes The lattei areas are cropped at great 
expense of human effort per acre cultivated Terrace agriculture has 
been practiced for centuries on steep mountain slopes of Japan, China, 
Italy, Germany, and Sicily, where population pressure necessitates the 
use of all land that can be cultivated On steep mountain slopes, even 
when terraced, the retention of the soil is a difficult problem After 
each heavy ram in Japan, one may see farmers laboriously carrying 
the soil from lower terraces back to the higher ones from which it 
has been washed 

Many fertile valleys of mountainous areas are the sites of productive 
agriculture But the farmers of such areas may be confronted with 
the' problems of isolation and the resultant high cost of transportation 
In highly isolated mountain regions, subsistence agriculture develops 
The farmers produce everything they consume and consume all they 
produce This procedure is made necessary because of the great ex- 
pense of exporting and of importing goods 
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Mountains and Isolation. Many mountain peoples are extremely 
isolated Isolation, m turn, affects the homogeneity of peoples, retards 
their progress, and in many other ways affects their well-being In 
some of the least accessible sections of the southern Appalachian 
Mountains, a few family names may include the entire population 
Intermarriage of the same families has gone on for many generations, 
so that each individual finds that he is a blood relative of most of the 
other people in the community Students of eugenics tell us that such 
intermarriage is likely to result in a community of backward people 
Isolation tends to preserve ancient customs and manners Many of 
the more isolated communities of the southern Appalachian legion, 
still use words that have been lost to other parts of the United States 
for more than a century Many people still say “poke” for “bag,” 
“tote” or “pack” for “carry,” “you uns” for “you,” “beast” for “ani- 
mal,” and “holp” or “holpen” for “help ” Similarly, songs that have 
long been forgotten in other parts of the United States are still sung 
by those isolated mountaineers 

Isolation tends to result m poverty and ignorance, and may develop 
a disregard for law Corn, beans, potatoes, pork, and other bulky 
agricultural products that are of low value per pound cannot be 
marketed profitably Consequendy the farmer’s income is small 
Where the topography is rugged and the roads are poor, manufac- 
tured products cannot be imported except at great cost The great 
amount of labor involved in importing and exporting goods compels 
most of the people to go without refrigerators, screen doors, and a 
thousand other products that promote health, comfort, and happiness 
Because the farmers cannot export bulky products profitably, they 
may seek to export less bulky products even though the law may 
forbid If corn cannot be exported with profit the farmer may change 
it into whiskey— a product of high value and small bulk that can stand 
the cost of transportation to market Thousands of American farmers 
have felt persecuted at times because high taxes or prohibition pre- 
vented the sale of the one product that was best suited for export 
Wherever excellent transportation facilities have been developed 
within mountainous regions, the retarding influence of isolation is 
overcome but the disadvantages of topography for agricultural de- 
velopment still remain 
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MINERALS— IRON AND STEEL 


Minerals and Human Progress. The progress of the human race 
has been closely associated with minerals The “Stone Age,” the 
“Bronze Age,” the “Iron Age,” the “Steel Age,” the “Alloy Age,” and 
the “Atomic Age” are all terms indicative of the importance of min- 
erals during the various stages of man’s development At the present 
time most of the iron that is used is alloyed with nickel, vanadium, 
tungsten, chromium, or some other mineral in the manufacture of al- 
loys. These alloys are so numerous and have such varied uses that a 
single steel-manufacturing company has developed formulas for more 
than 10,000 different kinds of steel alloys Each product differs from 
all others and is suited for a specific purpose Thus, from the time of 
the cave man to the present, the various periods of human progress 
have been named after the minerals that were most useful to man 
Increasing Demand for Minerals It was not until the advent of 
,the industrial revolution, which began m Great Britain about two 
centuries ago, that the real exploitation of minerals began in a way to 
influence essentially our material civilization Since then, at an ever- 
accelerating rate, minerals have become a fundamental basis of indus- 
trialism, until today they are ranked with climate, soil, land forms, and 
other major geographic factors in their influences on man’s activities 
More than a hundred minerals are now classed as “essentials,” and 
other scores enter into the equipment which we use every day As 
a consequence of this great demand the output of minerals during 
the last 35 years (1913-1948) has exceeded that for the entire preced- 
ing history of the world During World War II, the annual output 
of minerals reached an all-time high Since the end of the war the 
international struggle for minerals has been intensified and at times 
has threatened world peace 1 

1 Voskuil, Walter H , “Minerals and the Post War Politics of Europe,” Uni- 
versity of Illinois Bulletin, VqI, 41, 1944, pp 1-10 
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Mineials are used in the manufacture of almost every product made 
by man, they also enter into the composition of thousands of them 
Without minerals our factories could not be operated, agriculture 
would be paralyzed, and the civilized world would be in darkness as 
soon as night comes. Every means of transportation— steam or electric 
railway, steamship, airplane, or automobile— depends upon oui mineial 
industries, every means of long-distance communication— telephone, 
telegraph, cable, radio, television, and newspapers— depends absolutely 
upon the products of our mines Something of this dependence is 
indicated by the fact that at least thirty-five metals enter into the 
manufacture of automobiles alone, and fourteen or more are required 
in the making of the telephone 

Accumulation of Mineral Products The economic importance of 
minerals is much greater than the monetary value of the annual out- 
put would imply The value of the total mineral output is small as 
compared with the annual production of either plants or animals In 
fact, the value of the annual mineral output of the entire world is only 
a little greater than the income of American faims However, the 
true value of minerals should not be compared with the value of agri- 
cultural pioducts in terms of annual output The minerals are ac- 
cumulative, whereas the farm products are soon gone Iron, stone, 
copper, aluminum, and other minerals may serve a useful pm pose for 
decades or even for centuries, but meat, vegetables, fruits, cereals, and 
other foods are mostly consumed soon after they are produced Even 
the more durable agricultural crops such as fibers used m clothing 
seldom last moie than a few years 

Since mineral products accumulate, the total quantity m use in- 
creases each year For example, the average annual steel production 
in the United States, during the decade 1938-1947, inclusive, was 
approximately 68,000,000 tons Yet the amount of steel in use the 
first of January 1947 exceeded 1,400,000,000 tons Thus the value of 
steel that is now serving a useful purpose in the United States is more 
than twice the average agricultural income of this great nation 

Just as steel produced fifty or even a hundred years ago is still bemg 
used, so copper, stone, nickel, and many other minerals that were 
mined or quarried several decades ago are still serving a useful purpose 

Not only is this accumulation of mineral products taking place in 
every part of the world but also it is now increasing at an accelerated 
rate A large part of the steel that is made today is relatively rust and 
corrosion proof, and some of it will no doubt be valuable centuries 
hence. On the other hand, the agricultural products that are grown 
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this year will soon be gone As a result of the durable nature of min- 
erals m contrast to the perishable nature of agricultural products, the 
monetary value of the mineral goods possessed by this nation is several 
times the value of all the farm products which we possess at any given 
tame. 

Minerals and Standards of Living. The extraordinary giowth of 
the mineral industry and the ease of accumulating pioducts made of 
minerals have been essential factors in raising the standards of living 
during the past century From 1840 to 1940, there was a remarkable 
increase in the per capita wealth of the industrial nations and a de- 
crease m the hours of labor These achievements have been based 
largely on the substitution of machinery for human hands and of 
mechanical power for muscular energy Yet practically all machines, 
whether for use on the farm, in the factory, or in the transportation 
of goods, are made of minerals Similarly, most of the power for pro- 
pelling this machinery is derived from minerals— coal, petroleum, and 
natural gas— or from water power. Other factors such as progress in 
social organizations, the development of science and invention, and the 
opening up of new agricultural lands have played an important part 
in raising standards of living Yet without the large-scale utilization 
of minerals the notable industrial progress of the last century could 
not have been achieved 

Minerals and Power The large-scale use of minerals is indicative 
of power It gives pdwer on the farm, in the factory, and in trans- 
portation This power may be utilized in production and thereby 
, raise standards of living, or it may be devoted to destruction and 
thereby bring suffering, sorrow, and want The destructive poten- 
tialities of one mineral, uranium, has created fear for the entire world 
Also the bombing planes, tank cars, battleships, and other devices for 
destruction are stall being kept in readiness for use in many countries 
This equipment may in the future be turned against mankind and 
thereby reduce the masses of people who are left after the carnage 
to want and poverty 

On the other hand it is conceded that the constructive potentiali- 
ties of uranium are such that the metal can be of incalculable value to 
man if used wholly for peaceful purposes. Similarly, other minerals 
used in the pursuits of destruction would be of great value if they 
were used only for construction. Thus the power gamed through 
the large-scale utilization of minerals may be'used either to bless man- 
kind or to blast the hopes of civilization 
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The Outlook for the Mineral Industries The prospects of the 
mineral industries of the future rest partly on the success of our social 
institutions and partly on the amount of minerals available Wars, 
economic depressions, and other human relations will have their in- 
fluences upon both the direction and the extent of the development 
of mineral industries. Under any circumstances the achievements of 
the world as a whole and particularly of the United States during the 
next century rest partly on the possibility of commanding ever-in- 
creasmg supplies of minerals 2 

Minerals and the Industrial Growth of Nations With the growth 
of industrialism, the mineral production of a nation has become in- 
creasingly symbolic of its economic wealth and political power The 
distribution of the most valuable mineral resources accordingly has 
become of growing importance, and the struggle for the control of 
these resources is the most potent international irritant of the present 
period 

A cursory survey of maps indicating the location of the known 
nuneial reserves of the world might lead the layman to believe that 
these reserves are fairly well distributed over the earth However, a 
careful study by one who understands the value of the various minerals 
to an industrial world indicates that nature has been especially generous 
with her gifts of minerals to those countries bordering the North 
Atlantic, while she has given but sparingly, either m amount or in 
combinations conducive to industrial growth, to most other parts of 
the world 

A well-balanced supply of major minerals— those required m large 
volume by the manufacturing plants of progressive nations— afford a 
firmer basis for industrial progress than the possession of one or two 
of them m very large quantities Countries possessing only minor 
minerals— those required in only small quantities for industrial progress 
- must be given a lower ranking on the ground that no combination 
of these minerals will yield industrial power and that they will be 
tributary to the industry based on the more important group 

The United States and western Europe are the fortunate possessors 
of essential minerals both in amount and combinations necessary for 
industrial strength At the same time they are favored with invigorat- 
ing types of climate and with an abundance of good agricultural land 
Accordingly, “it now appears that the industrial growth of the north 

2 Elmer W Pherson, “The Mineral Position of the United States and the 
Outlook for the Future,” Mines and Metallurgy , April 1945, pp 204-214 An 
excellent review of the decreasing self-sufficiency of the United States in minerals 
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Atlantic countries was not alone a matter of the superior enterprise of 
their people, but a response to unusually favorable environmental con- 
ditions affording the necessary raw materials for such development, 
and that there is little promise of similar growth elsewhere because of 
the deficiencies m the fundamental raw materials ” 8 The USSR is 
now known to have a well-rounded supply of major minerals, but 
only in the Ukraine and perhaps in eastern Siberia have deposits of 
several of these major minerals been assembled by nature within a 
small area In most parts of the vast Russian domain, the pioblem 
of assembling the minerals necessary for modem industry creates a 
serious transportation problem 

As the United States and western European commies developed 
their resources they gained the experience, skill, scientific knowledge, 
wealth, and political power that are essential to expansion Conse- 
quently, it was only natural that they should protect their growing 
industries by gaming possession or control of mineral deposits in for- 
eign lands to supplement their own reserves American and British 
organizations have been the leaders in this movement, so that as re- 
cently as 1931 fully three-fourths of the world’s mineral production 
and reserves are controlled from these sources* After 1931, the 
Umted States and the British Empire lost part of this supremacy m 
the control of world minerals Yet, even m 1939, the capitalists of 
these two nations controlled close to 66 per cent of the world’s output 
of minerals Since the close of World War II, the Umted States and 
Great Britain have once again become the dominant countries m the 
control both of mineral resources and of mineral output. 

National Ownership of Minerals The United States and Russia 
are the only countries in the world that possess adequate resources of 
a large number of minerals, especially of those major minerals needed 
m large quantities for the development of modern industry along 
modem lines Other countries may possess large resources of one, 
two, or even three of the principal minerals, but they do not have a 
well-rounded supply of the many minerals needed in industry No 
country in the world possesses all the minerals it needs In fact, the 
interdependence of nations is increasing with respect to mineral sup- 
plies with the increase m the number of minerals that industry de- 
mands. 

* Reprinted by permission fiom World Mmerals and World Politics, C K 
Leith, McGraw-Hill Book Co , 1931, p. vu. 

* Op, ort , p 15 
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The United States represents the outstanding world powei with 
respect to minerals It is the laigest owner, the largest producer, and 
the largest consumer This country leads the world in the production 
of coal, petroleum, natuial gas, iron ore, copper, lead, zmc, phosphates, 
gypsum, sulphur, and several minor minerals At present more than 
100 minerals aie mined m this country, though some of them in in- 
sufficient quantities to supply our needs 
The supremacy of America in the commeicial pioduction of min- 
erals is indicated by Fig 236, which shows the position of the United 
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Fig 236 The mineral resources of the United States compared with the re- 
sources of the remainder of the world Although the Umted States contains only 
6 5 per cent of the population of the world, this rich republic produces 20 to 55 
per cent of each of the most important minerals used in industry 


States with respect to the world’s population and production of some 
of the major minerals of industry. In addition, the Umted States has 
large commercial interests m foreign minerals copper in Chile, Peru, 
Canada, and Rhodesia, iron m Cuba, Chile, and Brazil, oil in Mexico, 
Venezuela, and other South American countries, and large interests in 
many other mmeials located in widely scattered parts of the world 
Altogether, the United States has invested many million dollars in 
mineral industries located in more than a score of foreign countries. 
Most of this capital is engaged in producing those minerals needed to 
supplement our own tremendous resources in providing for the needs 
of American factories Thus we see the most richly endowed nation 
of the earth drawing to its shores a steady flow of copper, oil, iron 
ore, zmc, asbestos, aluminum ore, gypsum, and scores of other minerals 
to be manufactured into useful articles and shipped to all parts of the 
Umted States and many foreign lands 
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This worldwide production of minerals for the industiial plants of 
America gives this nation a vital interest in the political and economic 
stability of all parts of the world Moreover, the worldwide move- 
ment of these minerals puts a premium on the freedom of the sea both 
in tames of peace and of war 

The U.S S R is second only to the United States in the possession 
of mineral lesources She will undoubtedly rank second also in the 
production and consumption of minerals m the relatively near future, 
provided her efforts are given to the peaceful development of her le- 
sources The USSR is handicapped by a lack of adequate trans- 
portation facilities and of modern machinery She also suffers from a 
shortage of capital, managerial ability, and skilled labor This back- 
ward industrial state of the USSR is related to the fact that she 
has only recently become an industrial nation and also to the fact 
that her mineral resources are widely scattered over 8,000,000 square 
miles of land, most of which is undeveloped 

IRON ORE INDUSTRIES OF THE WORLD 

Iron the Most Important Metal. Iron is by far the most useful of 
all metals This metal, together with the minerals alloyed with it in 
the manufacture of steel, is essential to many phases of our industrial 
progress. The success of almost every industrial enterprise depends 
upon the extensive and efficient use of machinery and other economic 
equipment made wholly or in part from iron and its alloys Thus 
practically every industry of farm, factory, mine, forest, and sea would 
be hopelessly crippled without iron Even the economic and military 
strength of a nation is largely measured by the extent of its use of 
agricultural and industrial machinery, by the size of its navy and mer- 
chant marine, now made almost wholly from iron and steel, by the 
rapidity with which it can turn out high-grade ships, guns, locomo- 
tives, automobiles, and other material resources so essential to economic 
or military supiemacy. Leadership, then, either m the peaceful pur- 
suits of production and trade, or in the struggle between warring na- 
tions, demands an abundant and efficient use of mechanical equipment, 
which in turn necessitates a plentiful supply of iron and coal under 
the control of a capable and energetic people 
The relative importance of iron among the metals is indicated by 
the fact that m die decade 1937—1947 the average annual world con- 
sumption of pig iron exceeded 100,000,000 tons and represented more 
than 90 per cent of all metals used. This unique position of iron is 




Fig. 237 Icon ore reserves of the world Actual reserves are estimated at 33,240,000,000 tons and potential reserves at 
164,800,000,000 tons (Harry M Mikami, “World Iron-Ore Map,” Economic Geology, January-Febrnarv 1944, pp 1-24) 








IRON ORE INDUSTRIES OF THE WORLD 


61S 


due to its abundance, to the ease and cheapness of its lecovery, and 
to the wide range of properties that can be imparted to it It may be 
cast or hammered into any shape, it has great strength, and when pro- 
tected from the weather it has great durability By alloying it with 
smaller amounts of other metals and by special treatment in the fur- 
nace, iron may be given various qualities such as extreme haidness, 
toughness, elasticity, durability, brittleness, density, porosity, and re- 
sistance to oxidation or corrosion No other metal has been adapted 
to so many uses, and none is so easily and cheaply pioduced 

Iron Ore Resources of the W orld. No doubt there are large deposits 
of iron oie which have not yet been discoveied, and there are exten- 
sive known deposits which cannot be worked with profit at the present 
time Moreover, progress is continually being made m the science 
of mining more cheaply and economically and of recovering metal 
profitably from low-grade ores Any estimate of known reserves is 
likely, therefore, to need revision upward from time to time Never- 
theless, the known reserves of commercial value are the only ones that 
can support iron and steel industries at present The most recent 
estimates of known iron ore reserves (actual reserves) range from 
35 to 45 billion tons. 0 Potential reserves may exceed 160 billion 
tons (Fig 237).® 

Factors Affecting the Economic Value of Iron Ores 

The value of an iron ore deposit depends not only on its richness 
in iron but also on its location, the ease or difficulty of mining, die 
nature of competing ores, and the nature of the impurities as related 
to the specific use to be made of the ore Some of the richest iron ore 
deposits of the world are at present of little economic value because 
of their remoteness from the great industrial centers and the resultant 
expense of transporting them to the places where they may be utilized 
This is especially true of the great iron ore deposits of southern Biazil, 
which contain the largest reseives of iron ever discovered. 

Ease or Difficulty of Mining. Open-Pit Method of Mesabi versus 
Deep-Shaft Mining in Lorraine The value of the iron ore deposits 

6 Charles F. Park, “What to Do About Our Iron Ore Reserves,” Mming and 
Metallurgy, April 1947, pp 192-196. 

* Harry M Mikami, “World Iron-Ore Map," Economic Geology, January 
1944, pp 1-24 An excellent summary of the estimated actual and potential 
iron ore reserves of the world by continents and countries, with an accompany- 
ing map which shows the distribution of the iron ores 
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of the Mesabi district is greatly increased because of the ease with 
which they can be exploited (Fig 238) They aie rich in iron and 
lie relatively near the smface, the deposits are thick, and the oie, being 
loosely cemented, can be easily scooped up with steam or electric 
shovels without preliminary blasting. These conditions favor the maxi- 



Frc 238. Open-pit mine near Virginia, Minnesota Ten to thirty feet of the sur- 
face material is too lean m iron to be of commercial value and must be removed 
at great expense before the iron ore can be mined Three or four bites of the 
great electric shovel fill a car (Courtesy L P. Gallagher, Duluth ) 

mum use of mechanical powei and machinery and result in a large 
output of ore per laborer. The ease of production within this district 
has been largely responsible foi the rapid increase, during the last half 
century, in the yeaily output of iron ore per worker employed at 
iron mines m the United States Between 1870 and 1939, the annual 
output per laborer increased more than tenfold. In some of the deep 
mines of Lorraine where machinery and power cannot be used with 
the same facility, the annual output per laborer is less than a third 
that of the Mesabi district. 
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Vast Iron Ore Deposits of Brazil of Little Present Economic 
Value. 7 The iron ore deposits of Brazil alone are estimated at 4 billion 
tons of high-grade hematite, which is 60 to 70 per cent iron, and an- 
other 7 billion tons which contain 50 to 60 per cent iron, and which 
would be of great economic value if the location favored develop- 
ment 8 But these deposits lie 250 to 350 miles from ports and are 
reached by only one railroad which is ill equipped to handle a large 
volume of ore. The region contains no coking coal, and electric 
smelting is expensive 

The only fuel thus far used and pioduced locally is charcoal, which 
is becoming scarce and very expensive with the destruction of the 
forests along the railroads and around the present steel plants Some 
coal is mined along the coast of southeastern Brazil, but it is not suit- 
able for metallurgical purposes The geological formations of the 
region do not seem to favor the discovery of high-giade coal, and 
consequently it seems clear that any large-scale development of the 
iron and steel industry of southern Brazil can be accomplished only 
by means of imported fuel Those companies which own the few 
iron and steel plants operated within the state of Minas Geraes have 
begun the planting of eucalyptus trees to msure a future supply of 
charcoal Such fuel is expensive, and consequently this huge reseive 
remains of little present value. 

Iron Ores of Lorraine Are of Vast Economic Value. Ores which 
are lean in metallic iron may be of great value provided that they 
are favorably located for the development of the industry Tins fact 
is forcibly illustrated by the ores of Lorraine, which contain only 
25 to 40 per cent iron, but which are of basic importance m the de- 
velopment of one of the major steel-producing legions of the world. 
The Lorraine ore beds are 60 to 110 feet thick and occur over con- 
siderable areas in almost honzontal strata at depths of 600 to 800 feet 
below the surface Part of the ore contains sufficient lime to make it 
self-fluxing Thus the ore is considered of fair grade in spite of the 
low iron content. The location of these mines near the heart of the 
greatest industrial region of the world (World War U) and close to 

7 In 1945, Brazil exported 299,994 tons of iron ore In addition, an estimated 
475,000 tons of iron ore were produced to supply the twenty-five charcoal blast 
furnaces located m Brazil. Thus in spite of her vast iron ore reserves and an 
unprecedented world demand for iron and steel, Brazil’s iron ore production 
was small— less than 1 per cent of that of the United States 

8 Newton B Knox, “Factors Affecting Mining in South American Mining,” 
Mining and Metallurgy , October 1945, p 480 
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large deposits of high-grade coking coal gives the Lorraine deposits 
great economic value 

Impurities and Their Effect upon Ore Production. The impurities 
of an iron oie may be either an asset 01 an injury, depending upon 
their nature and extent, and upon the use to which the ore is to be 
put Each class of ore may be especially valuable for the manufac- 
ture of a special kind of iron or steel and poor for the manufacture of 
other kinds Other properties being similar, a self-fluxing ore— one 
which contains 15 to 20 per cent calcium— is more valuable than one 
high in silica content The latter ore is objectionable because of the 
additional lime that is required to neutralize the acid content, thereby 
decreasing the output of the furnace and increasing the cost of the 
iron This disadvantage is well illustrated in the Mesabi deposits, 
where it is evident that the high-grade low-silica ores are being rapidly 
depleted 0 However, the large non ore producers on the Mesabi 
range are able to maintain the silica m their commercial ores at from 
8 to 10 per cent by mixing ores of various grades, some assaying 4 per 
cent silica and some as much as 18 per cent silica This mixing opera- 
tion, however, can continue with profit only as long as high-grade ore 
is available. Consequently, in ordei to lengthen the life of the Mesabi 
deposits a large tonnage of oie is treated in beneficiation plants where 
part of the silica is removed before the ore is shipped to the furnace 10 

Phosphorus, sulphur, and manganese are among the other most 
common impurities of iron ore Sulphur is always objectionable in 
steel but it can be largely eliminated in the blast furnace Phosphorus, 
on the other hand, is not subject to control in the blast furnace and 
must be removed in the steel-making processes. Since the acid Besse- 
mer and the acid open-hearth processes, discussed later in the text, do 
not remove phosphorus, ores must be selected which contain less than 
0 15 per cent of phosphorus or the pig iron must be treated in other 
types of furnaces Usually the occurrence of manganese is not im- 
portant and may be more or less desirable 

Physical Condition and Iron Ore Production. The physical condi- 
tion of the ore is also of utmost importance A very fine ore chokes 
the furnace, prevents the free passage of the gases, and leads to exces- 
sive dust losses. It is necessary, therefore, to sinter this fine material 

9 E W. Davis, “Iron Ore Reserves of the Lake Superior District,” Mining and 
Metallurgy, January 1947, pp 15-18 

w E W Davis, “Concentration of the Mesabi Hematites,” Mmmg and Metal- 
lurgy, November 1930, p 518 
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before it is used E W. Davis estimates the cost of sintering to be f I 
a ton, adding materially to the cost of the product. On the other 
hand, very hard ores, such as some magnetites, are costly to smelt 
Each ore, then, must be considered m relation to its richness, chem- 
ical composition, and setting As a result, the actual production of 



Fig 239 The countries bordering the North Atlantic Ocean are responsible for 
most of the iron ore output of the world Data obtained from the Statistical 
Office of the United Nations 


iron ore bears a closer relation to the present value of the various de- 
posits than does the size of the resources (Fig. 239) However, the 
vast and almost untouched resources of Brazil, Cuba, Newfoundland, 
and Labrador are a satisfying assurance to the great iron and steel 
industries of the United States Their location, remote from the in- 
dustrial centers of the United States, creates a serious transportation 
problem which would be aggravated in times of war. 11 

11 William O Hotchkiss, 'Iron Ore Supply for the Future,” Economic Geol- 
ogy, May 1947, pp 205-210. 
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Markets for Iron Ore. Although iron ore is widely distubuted, it 
is mined in large quantities in only a few places, and large-scale pro- 
duction of pig iron is restricted to a few countries. The most produc- 
tive iron mines in the world are those of the Lake Superior district. 
In 1945, this district shipped 74,821,000 tons of ore, or 85 per cent of 
the total iron ore mined in the United States and approximately 45 
per cent of the metallic iron mined m the entire woild 
While the market for Lake Superior oies is the largest for any single 
district, it is neither so complicated noi so widely competitive as that 
of the North Atlantic coasts of Euiope and North America The 
ore for this Atlantic trade comes from Fiance, Sweden, Spain, Nor- 
way, Newfoundland, Cuba, and Brazil, situated on or near the Atlantic; 
and from Chile, southern Russia, northern Africa, and other widely 
separated areas 


PIG-IRON AND STEEL INDUSTRIES 

Materials and Processes of Pig-Iron Production. Since the metallic 
iron ore is combined with other elements, the chief of which is oxy- 
gen, and is mixed with various other minerals called “gangue,” separa- 
tion of the metal from the other substances is necessary before it can 
be used The process of extracting the non from the ore is called 
“smelting.” In this process the iron ore is mixed with coke and lime- 
stone m a blast furnace— a huge tower that may be 100 feet high— in 
which the mixture is heated by the burning of coke under a blast of 
air that has been previously heated by the burmng of gas, a by-product 
of the coke ovens The resultant product, pig iron, contains an abun- 
dance of carbon and is therefore brittle. Consequently, most of it is 
later converted into steel, a tougher, stronger product which can be 
given numerous properties by alloying it with other metals 
Most of the pig iron produced in the United States is converted into 
steel m the same plants in which it is smelted. An increasing amount 
of the pig iron is transferred directly from the furnace to the steel 
mill while it is still in the molten state and converted immediately into 
steel, thereby saving large quantities of fuel which would otherwise 
be needed to reheat the pig iron if it were permitted to cool 
Stages in the Development of the Iron and Steel Industry. The 
early development of the iron and steel industry was closely associated 
with forest areas where charcoal could be obtained for the smelting of 
the ore and the manufacture of steel With the dawn of the indus- 
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trial revolution the demand for iron and steel products increased 
rapidly Consequently, there was a heavy drain on the forests of 
England, Germany, Spam, New Jersey, Maryland, and other parts of 
western Europe and eastern Umted States Fortunately, before the 
forests were exhausted a substitute for charcoal had been found 

As early as 1735, Abraham Darby began the use of coke instead of 
charcoal m the reduction of iron ore. But improvement in the iron 
and steel industry was slow for another hundred years, and even m 
1830 iron was still an industrial luxury 12 

The modem iron and steel industry is therefore laigely a develop- 
ment of the last century. The 'Bessemer furnace, invented in 1856, 
maugurated a new epoch in the steel industry The Bessemer process 
is so simple and efficient that many tons of steel can be produced 
within a few hours at a relatively low cost For almost half a cen- 
tury this process dominated the manufacture of steel m all the im- 
portant producing countries. 

Bessemer steel sometimes breaks without warning and is therefore 
ill suited for the manufacture of steel rails, automobiles, and other 
mechanical equipment subject to great strain A method of making 
a better-grade steel was invented in 1905, known as the open-hearth 
process Open-hearth steel is slightly more expensive than Bessemer 
steel, but it is also of better quality In 1945, more than 90 per cent of 
all the steel produced m the Umted States was made in open-hearth 
furnaces 

In 1909 a process of manufacturing steel in an electric furnace was 
discovered The product is known as electric steel The electric 
furnace is especially adapted to the manufacture of various kinds of 
steel in which metal alloys, such as nickel, tungsten, vanadium, and 
chromium are used Because of the extremely high temperatures that 
can be speedily attained, many of the desired reactions can be brought 
about quickly and readily, and the steel made by this piocess is of 
uniform and high quality 'Electric steel is expensive, but m a land 
of industrial wealth and expansion there is a large demand for high- 
grade steel, regardless of cost. Moreover, in this age of speed and 
industrial competition, where safety and efficiency are matters of 
major consideration, a high-priced steel may be more economical than 
a low-priced product Thus because of its leadership in the steel 
industry, its abundance of cheap power, and its increasing demand for 

12 In 1883 the total pig-iron production of the United States was only 140,000 
tons, whereas in 1945 it exceeded 53,000,000 tons 
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the best giade of steel in many industries, it is only natural that the 
United States should have become the foremost producer of electric 
steel 

Location of Iron and Steel Industries 

The Market Factor. The major factors affecting the location of 
steel plants are the relative location with respect to iron ore, coking 
coal, and markets for the finished products Of these the market is 
the most important The significance of the market factor is in part 
reflected in transportation costs Thus whereas the tonnage of steel 
produced is usually less than one-half the iron ore and scrap used and 
less than one-half the coal required for its production, the unit cost 
of shipping steel as expressed in freight rates is commonly more than 
twice that of the raw materials Moreover, the increasing amount of 
scrap used in making steel adds to the importance of the market factor, 
since the chief sources of scrap are obviously coincident with the con- 
suming areas 18 As a result of the importance of the market factor, 
all the large non and steel industries have been developed in great 
industrial areas 

In 1946, the first full peace-time year since World War II, four 
industries— the automotive, construction, railroad, and container in- 
dustries— accounted for the use of almost one-half the steel consumed 
within the United States Steel mills centrally located with respect to 
these industries possess choice locations for the marketing of their 
products. Most great industrial areas are located on oi near coal 
fields Thus in most cases the iron ore can move to the market and 
to coal fields at the same time 

The Raw-Materials Factor — Coal and Iron It is almost a truism 
that non ore moves to coal There are but few exceptions to this 
geneial rule This movement results from the facts that (1) the coal 
consumed in the iron and steel industry is bulkier than the iron ore, 
(2) the coal deteriorates more rapidly in shipment than ore, and (3) 
the coal field begets industry and industry consumes steel 

The quantity of iron ore and coal consumed in the production of 
100 tons of steel depends somewhat upon the grades of ore and coal 
and upon the efficiency of the plants In the major districts of the 
United States it is approximately as follows 14 

13 Richard Hartshome, “The Iron and Steel Industry of the United States,” 
Journal of Geography, April 1929, p 137 

M Richard Hartshome, “Location Factois in the Iron and Steel Industry," 
Economic Geography, July 1928, p 243 
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District Ore ( tons ) Coal (tons) 

Pennsylvania 193 291 

Illinois-Indiana 212 222 

Alabama 326 384 


Additional fuel is required for heat and power m the further fabrica- 
tion of steel, varying greatly in amount according to the nature of the 
product Thus coal is the heaviest and by far the bulkiest raw material 
used in the iron and steel industry, with the exception of water which 
is usually cheap and plentiful wherever needed in the manufacture of 
iron and steel. It is only natural then that Pittsburgh, the Ruhr, 
Cleveland, England, Birmingham, England, Bnmmgham, Alabama, and 
the Saar, with their coal fields situated in great market aieas, should 
be logical centers for the development of the iron and steel industry 

Although iron ore usually moves to coal, a notable exception is 
found m Lorraine, where, prior to World War I, about two-thirds 
of the iron ore was smelted in local blast furnaces with coke imported 
largely from the Ruhr In 1913, slightly less than 6,000,000 tons of 
coal and coke were shipped from the Ruhr to Lorraine, wheieas only 
3,200,000 tons of iron ore and 600,000 tons of iron and steel went from 
Lorraine to the Ruhr 18 The explanation for this exceptional situation 
is as follows (1) the smelting of the low-grade Lorraine ores requires 
only one-half ton of coal per ton of ore, (2) the Lonaine is well sit- 
uated with respect to the market of iron and steel products 

Limestone Limestone for flux is used in large quantities (approxi- 
mately 700 pounds for each ton of pig iron), but since it is widely 
distributed it exerts little influence dn the general location of steel 
plants. 

Cheap Land and an Abundance of Water Needed. The specific 
site for iron and steel plants must be chosen with reference to the 
cost of the land and the proximity of an abundance of water Owing 
to the bulky and heavy nature of the commodities that are handled, 
all the processes of iron and steel manufacture are confined to one- 
story buildings. Consequently, a large area is required for a com- 
plete unit. It is not uncommon for a site to be chosen near swampy 
or marshy land fronting a river, lake, or other body of water. Such 
a situation permits the profitable disposal of the large amounts of 
waste, and land may be reclaimed as rapidly as the plant expands 

15 Chauncy D Harris, “The Ruhr Coal-Mining District,” Geographical Re- 
view, April 1946, p 205 
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Iron and steel mills must always be close to an abundant supply 
of water. Foi example, a smgle steel plant at Buffalo, the Lackawanna 
plant, uses 150,000,000 gallons of water a day— an amount equal to 
that drawn for the entire city of Buffalo. 



Fig 240 Soon after the Civil War the demand for non and steel began to in- 
crease rapidly and, with minor exceptions, continued to increase until 1929 
During the next five years, due to a world-wide depression, the production fell 
off sharply After 1934 the production increased once more to reach an all-time 
peak production of 89,641,000 tons of steel in 1944 

The Labor Factor. Although labor is obviously indispensable m 
the fabrication of iron and steel, it is not significant in the localization 
of the industry Moreover, because of the extensive use of machinery, 
the labor cost is relatively low for the amount of work done. It is a 
rule in the iron and steel industry never to have a man perform a task 
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that can be done as effectively and more cheaply by a machine. The 
development and adaptation of the all-but-human labor-saving devices, 
which perform most of the operations from the mining of the iron 
ore to the loading of the manufactured products for shipment, were 
inevitable in the Umted States where science in industry is empha- 
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Fig 241 The annual production of steel varies greatly from year to year as 
indicated by Fig, 240 During World War II, many steel mills in die war-tom 
areas of Europe were destroyed or were deprived of much-needed raw materials 
At the same time the great demand for steel products caused die Umted States 
to increase its steel output gready 


sized and where labor costs are several tmies those m many other 
parts of the world 

The Umted States is well suited to the production of iron and steel 
It has an abundance of raw materials, a cheap and abundant supply 
of water m most places where needed, capable laborers, a plentiful 
supply of well-distributed power resources, excellent transportation 
facilities, and a large market for iron and steel products. However, 
the demand for steel products fluctuates violently. For that reason 
the steel industry is sometimes called the “prince or the pauper” in- 
dustry. During the depression period of the early 1930’s the demand 
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for steel pioducts dropped to the level of thirty years earlier when 
our steel industry was just entering its period of rapid expansion 
Then during the 1940’s the demand jumped to an all-time high (Fig. 
240). Because of the disarrangement of the non and steel industry as 
a result of World War II and of the political disturbances of the post- 
war period, recent data on world production of steel are somewhat 
meaningless for some of the Eurasian countries (Fig 241) 

REGIONAL DEVELOPMENT OP THE IRON AND STEEL 
INDUSTRIES OP THE UNITED STATES 

Regional Distribution of Iron Ores 

Eastern United States possesses large reserves of fair-grade to high- 
grade iron ore The area east of the Mississippi River contains 4 to 6 
billion tons of ore that are commercially available under present meth- 
ods of mining and utilization 18 In addition, several billion tons of 
low-grade ore may become commercially valuable if science learns 
how to improve these ores economically, or if the time comes when 
the pig-iron producers are compelled to utilize a lower-grade product 
than is acceptable at present 

Western Umted States is relatively poor in known reserves of iron 
ore Although small deposits of these ores have been discovered in 
Utah, Idaho, Montana, California, Colorado, and several othei states, 
none of them compare favorably with the major deposits of eastern 
Umted States 

The ancient rocks near the western end of Lake Superior contain 
some of the finest iron ore deposits of the entire world For several 
decades, the iron mines of this district have been the most productive 
ones in existence The output of these mines lepresents approxi- 
mately 85 pel cent of all iron ore produced in the Umted States and 30 
to 40 per cent of the world output The ores of the Lake Superior 
district are above the average in iron content As a result, the mines 
of this area account for approximately one-fourth of the metallic iron 
output of the world (Fig 242) 

Although rich iron ores are widely scattered throughout northern 
Minnesota, the upper peninsula of Michigan, and northern Wisconsin, 
one small district in Minnesota, the Mesabi district, yields more non 

18 Harry M Mikanu, “World Iron-Ore Map,” Economic Geology, January- 
February 1944, pp 4 -6 
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than all of the Appalachian Mountain and Valley deposits which are 
scattered from Birmingham, Alabama, to Canada 



Regional Manufacture of Iron and Steel 

The northern Appalachian Region. The northern Appalachian 
region is the greatest iroft- and steel-producing district of the United 
States and one of the two largest in the world Western Pennsylvania, 
eastefn Ohio, and northern West Virginia contain 43 per cent of the 
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blast-furnace capacity of the country This small aiea, with Pittsburgh 
as the center, produces more pig iron and steel than any foreign coun- 
try in the world, except Germany and the Soviet Union, and, in 1938, 
the output was more than twice that of Asia, Africa, Australia, and 
South America combined. 

The mills of this region aie located almost exclusively in the narrow 
valleys of the headwaters of the Ohio River— a situation well suited to 
the assembling of law matenals and the marketing of the finished 
products Good coking coal outcrops along the sides of neighboring 
hills, where it is cheaply mined and easily removed by the “slope” or 
“drift” methods. Natural gas, an important asset m steel making, is 
also produced locally The streams supply the abundance of water 
required by the iron and steel mills, the rivers are natural highways 
for the transportation of part of the raw materials and finished prod- 
ucts, and the deep valleys afford the most gentle gradients for the 
transportation fines which serve the area Finally, this region, together 
with the lower lakes region, has the finest location in America for the 
marketing of its products. Lymg between the Middle West and the 
Atlantic seaboard, it occupies a central position in the northeastern 
quarter of the United States— the most densely populated region of the 
continent and the one having the gieatest industrial development and 
greatest railroad mileage. If one excludes the Pacific Coast and the 
scattered cities of the Rocky Mountains, the center of the industrial 
gravity of the United States must have been close to Pittsburgh during 
the latter part of the nineteenth century, and even today it is probably 
east of Columbus, Ohio 

The chief disadvantage of the northern Appalachian region is its 
remoteness from the source of practically all its iron ore, the Lake 
Superior district However, this handicap cannot offset the advantages 
mentioned above 17 

Iron and Steel Industry of the Lower Lakes Region Although the 
lower lakes ports are several hundred miles from their coal supply, 
they have the advantage of eliminating one transshipment of the ore 
and have excellent transportation facilities both by water and by rail 
The most rapid development of the iron and steel industry has 
occurred along the southern shore of Lake Michigan at South Chicago, 
Illinois, Gary, Indiana, and Indiana. Harbor. This region has excep- 
tional advantages with respect to the growing markets of the northern 

17 Richard Hartshome, “The Iron and Steel Industry of the United States,” 
Journal of Geography „ April 1929, pp 133-153 
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interior of the United States and is close to Chicago, the greatest rail- 
road center of North America The iron ore is brought from the 
Lake Superior region in large modern barges especially constructed for 
the transportation of iron ore, and consequently the freight rates to 
the lower lakes ports are among the lowest in the world 

Similarly the iron and steel industry is growing rapidly along the 
southern shore of Lake Ene from Detroit to Cleveland. At present 
the industry is expanding with remarkable rapidity in Detroit, where 
the automobile factories utilize a tremendous tonnage of high-grade 
steel Buffalo, situated at the other end of Lake Erie, has an even 
better market location than Detroit It is in position to compete with 
other steel centers for the business in the great Middle West, it has an 
excellent location with respect to the industrial area of Canada, which 
imports large quantities of iron and steel from the United States, and 
finally it has a superior position for shipping products to the eastern 
markets, since it is the terminus of many eastern railroads and also of 
the Erie Canal Approximately one-fourth of the pig iron is shipped 
to the middle Atlantic seaboard and New England for fabrication in 
eastern plants 

Southern Appalachian Region There are several places in the Val- 
ley of East Tennessee where iron ore, limestone, and coking coal are 
all found within the range of a few miles Formerly the Valley sup- 
ported an abundance of hardwood which afforded an excellent supply 
of charcoal for the iron and steel industry The numerous small but 
rich deposits of iron ore were ideal for a primitive iron and steel indus- 
try, and nails, horseshoes, harrow teeth, wagon tires, and other articles 
needed by the pioneers were manufactured m many places 

Unfortunately, the iron ore deposits of the Valley are too small and 
unreliable to support modern iron and steel mills Although the 
plateau to the west contains large deposits of iron ore, they are lean 
and expensive to mine, except for the small quantity near the surface 
which has already been exhausted Consequently, the development of 
the iron and steel industry within the Valley has been slow and uncer- 
tain and the outlook for the future is not bright 

In northern Alabama, however, large deposits of iron ore, coltmg 
coal, and limestone are found in closer juxtaposition than in any other 
part of die world 18 All he within 15 miles of Birmingham, and the 

is e F Burchard estimates the iron ore reserves of Alabama at 1,470 million 
tons of first-grade ore and 500 million tons of second-grade ore He estimates 
the coking coal of the Warrior field at 3,366 million tons, or more than enough 
to smelt all the iron ores of Alabama (“Alabama Ores Equal Lake Supply,” 
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cost of assembling them is cheapei than m any other iron and steel 
district of the Umted States Moreover, the cost of living is less in. 
Birmingham than in most iron and steel centers of America, and the 
cost of laboi is correspondingly lower Thus it is claimed that pig 
iron can be produced in the Birmingham district at a lower cost than 
anywheie else in the Umted States 10 

Markets The local markets of the Birmingham district are small 
as compared with those of the northern Appalachian and the lower 
lakes districts Nevertheless, Birmingham is well situated to supply 
iron and steel products to the South and to the West Indies, Mexico, 
South America, and the Orient Birmingham is the greatest railway 
center of the South, and it has been estimated that the railways radiat- 
ing from the city give her a logical market area of approximately one- 
third of the country both in size and population But it must be 
remembered that the per capita consumption of iron and steel m the 
agricultural South is much smaller than in the industrial North 

Birmingham’s situation with respect to foreign trade has been im- 
proved recently by the construction of a canal which connects the 
city with the Gulf of Mexico This waterway permits the transpor- 
tation of iron and steel products via barge at 80 per cent of the cost by 
rail and gives Birmingham an all-water route to Latin America and the 
Orient Since Birmingham can produce pig iron at low cost and can 
ship it to foreign markets by water, this area has had special advan- 
tages for the production and export of this valuable basic metal As 
a result the blast-furnace industry of Alabama has increased rapidly 
during the last few years 

Handicaps of the Birmingham District Most of the Alabama 
ore lies at a considerable depth and must be mined underground where 
the use of machinery is somewhat restricted and the amount of 
human effort required is correspondingly laige 30 Under such condi- 
tions, mining is much more expensive than in the Mesabi Range The 
Bhmingham iron and steel industry is also handicapped by the fact 
that the ores are lean, carrying only 30 or 40 per cent metallic iron as 
against 52 per cent for Mesabi ores. This low content of iron is partly 

Iron Age, March 24, 1927, pp 847-853 ) Less than 100,000 tons of this reserve 
was mined between 1927 and 193 9 

10 Langdon White, “The Iron and Steel Industry of the Birmingham, Alabama, 
District,” Economic Geography, October 1928, p 365 

20 The Birmingham district contains a small reserve of brown ore, estimated 
at 15 million tons, which js high in iron content (39 to 50 per cent) and which is 
mined by the opett-pit method 
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offset by the high content of lime which the ores contain, making 
them self-fluxing 

Water supply of Birmingham The iron and steel industry 
requires an abundance of watei for cooling purposes In this respect 
Birmingham is not so fortunate as Pittsburgh, Chicago, Cleveland, 01 
Buffalo— cities that can obtain unlimited quantities of water from 
nearby lakes or rivers. For many years die lack of a cheap and 
abundant water supply for industrial purposes constituted a seuous 
problem of the Birmingham distuct Recently this handicap has been 
overcome, at least in part, by water obtained from the Cahaba River 
and from deep wells 21 

Duluth. Duluth, like the lower lakes ports, has the advantage of 
cheap assembling of raw materials The situation, however, differs 
from that of the lower lakes region in that the coal is brought up the 
lakes rather than the ore being taken down Since the traffic down the 
lakes is much heavier than the return cargo, Duluth profits from the 
lower back-haul rates Unfortunately, Duluth has only a small mar- 
ket for iron and steel 

Western United States. West of the Mississippi River the iron and 
steel industry is only slightly developed but it is growing 22 The 
largest market for iron and steel products of this area is found in the 
Pacific states, but unfortunately these states lack resources of coking 
coal and are poor in iron ore resources An iron and steel industry 
has been developed at Pueblo, Colorado, situated between the iron 
deposits of eastern Wyoming and the Trinity coal field m Colorado 
and New Mexico. Here the development has been slow since the 
local market is small Colorado can scarcely compete with eastern 
mills for the Pacific trade, since the freight rates over the western 
mountains and deserts are higher than are the ocean freight rates from 
the middle Atlantic seaboard 

The Geneva steel plant in Utah was constructed during World 
War II at a cost of $180,000,000 to provide additional steel west of 
the Rocky Mountains Coal is supplied from mines opened at Horse 
Canyon approximately 130 miles southeast of the plant Iron ore is 
obtained from open-pit mines located at Iron Mountain, Iron County, 
Utah, about 255 miles southwest of Geneva Limestone and dolomite 
are quarried near Payson, Utah, about 25 miles from the steel plant. 

21 Langdon White, “The Iron and Steel Industry of the Birmingham, Alabama, 
District,” Economic Geography, 1928 

22 H Foster Bam, “Western Steel Problem,” Mtmng and Metallurgy , July 
194S, pp 329-33J 
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Water is obtained fiom the near-by Wasatch Mountains, from arte- 
sian wells, and from flowing spimgs on the plant site (Fig 243) 
Open-hearth furnaces, steel foundries, and rolling nulls have been 
developed at Pittsburg, California (neai San Fiancisco), and at Tor- 
rence, California 



Fig. 243 The Geneva iron and steel plant is well situated with respect to major 
raw materials, but the market of the region is normally small (U S Steel News, 
U S Steel Corporation, October 1943, p 5 ) 

The Future of the Iron and Steel Industries of the United States 

It is clear that the depletion of the high-grade iron ores of the Lake 
Superior district would be a tremendous handicap to the iron and steel 
industries of the Pittsburgh and lower lakes area— the most important 
iron- and steel-producing area of its size in the world The near 
exhaustion of the high-grade ores of the Lake Superior district cannot 
be delayed many decades This will leave a vast tonnage of low-grade 
ores that can be utilized Already some of the low-grade ores are 
being passed through beneficiation plants and the iron content increased 
in order to reduce freight costs to the lower lakes distuct and, at the 
same time, to mciease the iron content of the ore so that it will be 
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acceptable to the pig-iron producers. Increasing quantities of low- 
grade ore will undoubtedly be used in the future 

Although our Lake Superior ores cannot last indefinitely, the Bir- 
mingham district contains 2 to 3 billion tons of commercial ore. Then, 
too, this country is relatively favoiably situated for the importation of 
ores from Cuba, Newfoundland, Brazil, Chile, and other foreign 
countries. 

THE IRON AND STEEL INDUSTRIES OE EUROPE 

The greatest non and steel manufacturing region m the world 
extends from northern France and the Saar, through Luxemburg, 
Belgium, and northward into the Ruhr district of Germany (Fig 
244) 23 This belt, approximately 400 miles long and less than 300 
miles wide, normally produces most of the iron and steel output of 
western continental Europe The natural conditions are almost ideal 
for the development of the iron and steel industries, but political con- 
ditions are less favorable This area is centrally located in a region 
that, except foi wai and its aftermath, affords one of the finest mai- 
kets in the world Before the ravages of World War II, it was seived 
by an excellent network of railroads, canals, and rivers, and was 
readily accessible to several of the great ocean trade routes. Much of 
the area is underlaid with coal, and near by are the vast iron reserves 
of Lorraine— the largest of all Europe, estimated at more than 5 bil- 
lion tons. 34 

But for the political conditions existing m western Europe, the 
Lorraine iron ore reserves are well situated for the development of the 
iron and steel industry There are six coal fields within ISO miles of 
the Lorraine iron ore district which have a known reserve of 86 billion 
tons of coal, of which about 34 billion tons, most of which is situated 
m Germany, is suitable for coking. The position of the Lorraine oie 
deposits along the drainage basins of the Meuse and Moselle rivers 
gives easy access by railroad to both the Rhine Valley and the low- 
lands of Belgium, which, in turn, have river or canal connections 
with tidewater 

33 Eastern United States usually surpasses this European region in the output 
of iron and steel However, the iron and steel industry of eastern United States 
is spread over an area that is many times as large as the European region that 
is mentioned above 

34 "The Iron and Associated Industries of Lorraine, the Saar District, Luxem- 
burg, and Belgium,” Bulletin 703, U S Geological Survey, 1920, p 18. 
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Unfortunately the national distribution of iron ore and coking coal 
reserves of continental Europe is unfavorable for the economic devel- 
opment of industry The iron ore reseives lie near 01 across the 
boundaries of several countries, each one jealous of the military and 
economic strength of the others This condition has caused bitter 
contests for the possession of these lesouices so essential to economic 



Fig 244 The major steel-producing districts of western Europe are located on 
coal fields with the exception of the Lorraine district which is located near large 

iron ore deposits 


and military greatness The better of these iron ore deposits were 
seized by Germany at the conclusion of the Franco-Prussian War m 
1870 and were ceded back to France m the readjustment that followed 
World War I They were taken over again by Germany during 
World War II but were returned to France after the defeat of 
Germany. 

The Germany of the future is likely to be left with only low-grade 
iron ores Recently 2 billion tons of low-grade iron ore were discov- 
ered south of Biunswick in the central part of the Germany of 1938 
During World War II the German government began the manufac- 
ture of iron and steel from these ores. The development had a much 
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broader scope than an average iron and steel plant, it was also a huge 
public utilities concern and manufactured many synthetic products. 
The cheap ligmtic coals near Brunswick were used to generate gas 
which was piped to many industrial areas of Germany One purpose 
of this development was to lelieve other crowded industrial areas and 
to permit the expansion of population into a compaiatively undevel- 
oped area The plant was closed down at the end of the war 20 
Whether these low-grade resources— iron ore and lignite— can be 
profitably developed during peacetime remains to be determined 

The most notable iron and steel center of Geimany is that of West- 
phalia, located on or near the Ruhr coal field which is discussed in 
the next chapter This center is so situated on the navigable Rhine 
and Ruhr that Swedish and Spanish ores can be cheaply imported to 
supplement Lorraine ores, and the finished products can be marketed 
over the great ocean highways to remote parts of the world 

Western continental Europe is by no means dependent upon Lor- 
raine for her iron ore supplies Northern Sweden, Spain, and western 
France possess large iron ore reserves, and many other smaller deposits 
of ore are scattered throughout western Europe (Fig 245) 

The British Isles. During most of the nineteenth century the 
British Isles led the world in the production of iron and steel In 
1850, tire United Kingdom produced four times as much pig iron as 
the United States, and as late as 1875 hei mines produced half of the 
world’s output of iron ore. The location of the coal fields, ore 
deposits, and limestone beds near the coast of England, Scotland, and 
Wales, and close to good harbors gave the British easy access to the 
sea for export and aided in the distribution of the product for home 
consumption 

About a half century ago England found her higher-grade non ore 
running low and began to depend more and more on imported ore, 
until, during the period 1928-1946, the imports represented almost 40 
per cent of the total used 

The coastal location of many of the blast furnaces favors the impor- 
tation of iron ore, most of which comes from Spain and northern 
Africa although an increasing amount is supplied by Sweden and 
France 

Other European Iron-Manufacturing Centers. Northern Sweden 
contains the largest deposits of high-grade iron ore of Europe These 

25 diaries F Park, Jr , “What to Do About Our Iron Ore Reserves,” Mining 
and Metallurgy , April 1947, pp. 192-196 
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deposits aie located less than 100 miles by rail from an ice-fiee port, 
Narvik, Norway, through which the iron ore is exported during the 
wmtei, and almost as close to Swedish ports on the Gulf of Bothnia, 
through which the bulk of the export passes duung the summer when 



Fig 245, The chief iron ore reserves of Europe Circles drawn with respect to 
relative sizes of reserves The largest reserves, the iron ore reserves of France, 
are esumated at approximately 4 3 billion metric tons The iron ore reserves of 
Sweden and of Spam are high grade while most of those of Germany are low 

grade 

the Gulf is free fiom ice The ore, like that of the Lake Superior 
district, is near the surface and easily mined by the steam-shovel 
method. 

Unfortunately, Sweden has no coking coal with which to smelt her 
ore. Consequently, most of it is exported, piimarily to Germany and 
England. Recently the prospects have brightened for an increased 
use of non ore at home During the present century new processes 
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of smelting and steel manufacture have been developed— processes by 
which electric heat displaces a large pait of the coke foimerly 
required Since Sweden can develop an abundance of hydroelectric 
power she is turning to these new processes of iron and steel making 
and is rapidly becoming one of the leaders in the field The electric 
furnace is especially adapted foi the making of the highest quality of 
various steels using metal alloys such as nickel, chromium, tungsten, 
and vanadium, all of which are becoming of increasing impoitance 
The electric steel is higher in price than Bessemer and open-heaith, 
but it is also of better quality 

Czechoslovakia, Poland, Spam, and Italy all manufactiue some non 
and steel Czechoslovakia has coking coal, some non ore, and a fair 
local market, Poland has large stores of good coking coal, a small 
amount of iron ore, and, during peace times, she can easily obtain ore 
from Sweden Spam, like Sweden, is without coking coal, but since 
the country exports several million tons of iron ore annually to other 
countries of Europe she can import fuel cheaply m vessels that aie 
leturnmg directly from the British coal fields for ore 

Soviet Russia (European and Asiatic) The iron and steel indus- 
try of Russia grew with phenomenal rapidity dunng the decade just 
prior to World War II In 1929, Russia produced only 4,000,000 
tons of steel and lanked fifth among the countries of the world in the 
manufacture of this commodity, m 1938, Russia produced 18,000,000 
tons of steel and stood third among the nations m the output of this 
valuable product. Russia is known to possess several hundred million 
tons of high-grade iron ore. Some of the less-authenticated reports 
indicate that the iron ore reserves of Russia even surpass those of the 
Umted States These iron oies are widely distributed throughout the 
vast Russian domain (Fig. 246). 

The best of the known reserves are situated in the cential and 
southern parts of the country and lie relatively close to both coal 
fields and transportation facilities where they can be developed to best 
advantage In several areas one oi more other important min erals 
such as copper, lead, zinc, chromium, manganese, oi bauxite are sit- 
uated close to coal fields, iron ore deposits, or oil fields (Fig 247) As 
a result, conditions are favorable for the development of a senes of 
iron and steel centers and also of industrial centers, which extend 
across Russia from Ukraine in the west to the Pacific Ocean on the 
east. 
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'ig 246 The U S.S R and the United States are the world’s most highly mineralized nations The USSR is nch in coal, u 
ire, and petroleum resources The large letters represent major resources and the small letters represent smaller resources 
inexplored resources of unknown extent Minerals C— coal, Fe— iron ore, and the diagram of an oil derrick represents pet 

leum resources 
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China. In spite of the meagei iron reserves of China the country 
has sufficient oie to support a larger iron and steel industry than has 
yet been developed anywhere within the Onent 26 The backward 



Fig 248 Japan’s open hearth and rolled steel capacity m major areas before and 
after war damage Japan’s iron and steel industries are widely scattered over the 
mam islands (“Summation No 3,” General Headquarters, Supreme Commander 
for the Allied Forces Taken by permission from Steel Facts, American Iron and 
Steel Institute, April 1946, p 2 ) 

state of this basic industry can scarcely be overcome until the trans- 
portation facilities of the country are improved 
Wars and civil strife together with the lack of railways and roads 
have been a greater handicap upon the mining industry of China than 
upon any other industry m the country, and their influence has been 
most marked m respect to iron. A good railroad system in China 

30 China possesses approximately 1,500,000,000 tons of known iron ore reserves 
Vei Chow Juan, “Mineral Resources of China,” Economic Geology, No 4, 
Part 2, Supplement, June-July 1946, pp 424-433. 
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would undoubtedly stimulate the mineral industries of that country 
The output of iron, however, has made very little pi ogress since 1916, 
owing to the fact that it was impossible to build new furnaces during 
World War I, and since 1937 war and political unrest have retarded 
industrial development Thus during the period when the world 
demand for iron and steel pioducts was almost insatiable, China was 
unable to profit by the situation and consequently lost one of hei 
best opportunities to establish her iron and steel industry on a modem 
basis By 1940, the war with Japan had demoralized the small iron 
and steel industry that had previously developed 
Japan. Although Japan has developed the laigest iron and steel 
industry of the Orient, her total iron ore reserves of approximately 
70,000,000 tons are insufficient to supply the American steel mills for 
one year 87 If the reserves of Korea and Formosa are included, the 
total probably does not surpass 100,000,000 tons of ore economically 
available under present mining conditions. The Japanese coal supply 
is reasonably abundant and of fair quality, but most of it lies at con- 
siderable depth and is difficult and expensive to mine 
Since their own resources for the development of the iron and 
steel industry are small and expensive to develop, the Japanese have 
been compelled to turn to Manchuria, the Philippine Islands, south- 
eastern Asia, and India for iron ore 
In 1943, the Japanese produced 9,656,000 tons of steel but only 
8,616,000 tons came from plants on the home islands During 1946, 
Japan produced less than 2,000,000 tons of steel Hov'ever, few of 
her plants were ruined by the war and her capacity for production 
has been reduced but little Most of Japan’s iron and steel industries 
have been developed m or near cities bordenng her inland sea, and 
in cities situated near Tokyo Bay (Fig 248) 

OTHER IRON AND STEEL INDUSTRIES 

Throughout the vast expanse of Africa, southern Asia, and Aus- 
tralia, iron ore deposits are known to exist in many places North- 
west Africa— Tunisia, Algeria, and Morocco— contains rather extensive 
deposits of iron ore and, between 1930 and 1945, 2 to 4 million tons 
of iron ore were exported annually to the industrial centers of Europe 
India possesses abundant resources of high-grade iron ore, vast 
resources of manganese and chrome oies, and moderate supplies of 

87 Harry M Mikami, “World Iron-Ore Map," Economic Geology , January- 
February 1944, p 22 
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vanadium and tungsten ores She also possesses a plentiful supply of 
fair-grade coking coal, and limestone suitable for fluxing materials 
outcrops in many areas North and west of Calcutta, abundant sup- 



Fig. 249 India possesses an abundance of iron ore, colang coal, lime, manganese 
ore, and chromium ore— the major raw materials for the pioduction of iron and 
steel (Taken by permission from Steel Facts, American Iron and Steel Institute, 

October 1946, p 2) 


plies of several of these raw materials have been discovered within a 
few miles of each other (Fig, 249) A prosperous and politically 
stable India could consume vast quantities of iron and steel products 
However, this country needs a better supply of laborers with skill 
and especially with managerial ability— qualities that are acquired as 
industrialization progresses. 
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Australia emerged from World War II with a rapidly growing and 
fairly well-integrated iron and steel industry The largest steel mills 
of the country have been developed near Sydney which lies close to 
large or moderate reserves of coal, iron ore, and manganese ore. Lime- 
stone is obtained from Tasmania 
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Mineral Fuels and World Industry Our modern industrial civiliza- 
tion is based to a large extent upon mechanical power, most of which 
is derived from coal, petroleum, natural gas, and falling water No 
full appreciation of the economic and industrial potentialmes of 
regions or countries is possible without an evaluation of these impor- 
tant resources For that reason it is necessary for a student to under- 
stand the nature, distribution, and uses of these pioducts if he is to 
comprehend many of the pressing problems of the economic, indus- 
trial, and political world of today These problems confront the 
individual, the community, and the nation Newspaper headlmes such 
as “Russia Demands Oil Rights m Iran,” “Lewis Calls Out Miners,” 
“Nation Faces Coal Famine,” and “Homes in Europe are Cold and 
Dark” indicate something of the broad scope of problems presented by 
our mineral fuels These problems are general enough to affect each 
individual, and large enough to create serious international difficulties. 

The problems presented by the power-producing resources of the 
world are not new Man has ever sought to accomplish his purpose 
with a minimum expenditure of personal physical effort. This 
attribute has had a material influence on the progiess of civilization. 
The strong and resourceful primitive man impressed the energy of his 
weaker fellow men to serve his needs Later, ammals weie domesti- 
cated and taught to labor that man might accompbsh more and at the 
same time increase his hours of leisure Then the winds were har- 
nessed that they might work for man But this human desire to 
accomplish more work with less effort seems to be insatiable Finally 
man learned how to use the energy of mineral fuels and falling 
water— discoveries that presaged the great industrial age which had its 
beginnings a little more than a century ago. Since then developments 
have been rapid until today it is a platitude to say that the whole 
structure of modern civilization is dependent upon this ability which 
man has acquired to control the energy of mineral fuels and watei 

<S45 
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power to do his bidding As on the sea, where fuel power has almost 
displaced that of the wind, so on land it has replaced the animal as a 
primitive motive force and has become the dominant powei in trans- 
porting goods 

The steam engine, internal-combustion machines, and the electric 
devices have cut down distances and have furtheied the development 
of communication to such a degree that a gieat nation has become a 
single community But the influence does not stop with national 
boundanes Locomotion on the land and sea and in the air has 
brought places that were distant, or even inaccessible, near and within 
the reach of the least adventurous spirit, the products of the remote 
parts of the world are biought to our doors, the earth is girdled with 
wire so that the doings of this evening may be known the world over 
by tomorrow morning , 1 and the important events of the day may be 
flashed to the entire radio audience of the world within a few minutes 
after they occur All these developments have been accomplished 
within little more than a century, thus altering the whole social, eco- 
nomic, and political picture of the earth. 

Similarly m industry, the use of power has made possible the pro- 
duction of goods on a gigantic scale This has been accompanied by 
high wages, moie leisure, and means for enjoying that leisure, and has 
thus resulted m higher standards for the masses In the home, power 
has been the servant that has removed drudgery By January 1, 1948, 
it had reached 65 1 per cent of the farms and had made practicable the 
pursuance of agricultural operations on an unprecedented scale 2 

Mineral fuels are used not only for power development but also as 
basic raw materials in industry At present the United States leads all 
other countries of the world not only m the total consumption of 
mineral fuels and water power, but also in the per capita consumption 
of these products. 

Power and Industrial Development. So completely does modem 
industry depend upon power that the industrial position of a nation 
may be gauged by its consumption of power At present the regions 
of great industrial development are the United States and western 
Europe, which accordingly produce and consume approximately 90 
per cent of the world’s power. 

These countries bordering the North Atlantic not only are in pos- 
session of an abundance of fuel and water power, but they also are 

l F C Lea, “Power Production, Past, Present, and Future,” Proceedings of 
American Institute of Mechanical Engineers, No 5, 1929, p 1045 

* Estimate made by the Cincmnau Gas and Electnc Company, June 194?. 
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blessed with the most complete and well-rounded resources, necessary 
for the development of industry, found anywhere in the world These 
countries are especially fortunate m having an abundance of coal and 
iron The coal acts as a key by which the iron is obtained, and the 
iron in turn is used to harness and control the energy of the coal 
Moreover, the climates of these regions stimulate both mental and 
physical vigor With such a fortunate combination of factors favor- 
ing its development, it is only natural that the industrial revolution 
should have had its beginnmgs and its most rapid giowth along the 
borders of the North Atlantic. 

After the countries of the North Atlantic had acquired industrial 
growth and strength of substantial proportions, it was only natural 
that they should assure themselves an abundant supply of resources 
by searching in, other parts of the world for those raw materials 
which they considered the “key products” to industrial development 
Consequently, the countries of the North Atlantic, already enriched 
and made powerful by the products of their factories, have sought 
out and gained control, in one way or another, of a preponderant 
percentage of the known mineral resources of the woild They have 
also brought under their control vast plantations within the tropics to 
provide fibers, gums, oils, and other products needed by industry 
Most of these products are shipped, in the raw or semi-finished state, 
to the countries bordering the North Atlantic, to supplement their 
own resources, which, as stated above, are already the most abundant 
and well rounded to be found anywhere 

USES OF POWER IN AMERICA 

America to a greater degree than any other nation has applied 
power to the fulfillments of man’s needs and desires The energy 
used per capita during the past sixty years has increased more than 
fourfold (Fig. 250). The output of energy m the United States from 
coal, petroleum, gas, and water power amounts to about one-half the 
world’s total. Since the total power available from man and beast is 
insignificant m comparison, it is not far wrong to say that the United 
States today is actually doing nearly half the woild’s work 8 For a 
long time m the early stages of the industrial revolution, Great Britain 

8 A person who drives a high-powered automobile is using lots of energy and 
is technically doing worlc It may or may not be useful Thus while the 
United States does about one-half of the work of the world it is not producing 
one-half of the necessities of life Much of the energy is utilized for pleasure 
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held a pre-eminent position in the output of energy. In 1870 it was 
releasing about three times as much eneigy as the United States. In 
recent years, the United States has been producing four to five times 
as much energy as Great Britain As a result, in no other country m 
the world does the labonng man produce so much goods with such 
little physical effort. In no other country are living standards so high 



Fig 250 One reason for the high standard of living in the United States is 
indicated in this graph No other country in the world even approximates the 
United States m the per capita utilization of mechanical energy 


With minor setbacks, our standaids of living are increasing continu- 
ously while the length of the work week for the average laborer is 
decreasing (Fig 251) 

Wherever power is not employed on a large scale women are still 
doing a great amount of heavy manual labor Where industry has 
shifted the burden to mechanical shoulders women are the first to 
leceive the benefits In China, millions of women still engage in 
heavy masculine work, and in many other foreign countries where 
machinery is little used women are still compelled to toil in a way 
scarcely known to American women. In America and much of west- 
ern Europe, “the round table of King Arthur has been superseded by 
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the drafting board and the conference table. The place of the knight 
who went forth to protect the women of the days of chivalry from 
molestation and oppression, has been taken by the engineer who has 
freed modern women from toil and drudgery ” * 

Mineral fuels are by far the most important of all mineral products 
both commercially and industrially. Within the United States the 


value of the annual output of min- 
eral fuels is almost three times that 
of all other primary minerals com- 
bined (Fig. 252) 

COAL 

Coal is the most important min- 
eral product both commercially and 
industrially It is the greatest 
source of power for manufactur- 
ing, mining, and transportation, it 
is a major raw material in the man- 
ufacture of iron and steel, gas, and 
dyes, and it is the principal source 
of fuel for most of the industrial 
nations of the earth The produc- 
tion of coal constitutes the largest 
mining industry in the world and, 
m America alone, employs more 
than a half million men. 

Uses of Coal for Heat and Power. 
Coal is only one source of heat and 
power, but it is the major one for 
the world as a whole However, 
in the United States it supplies 
only about 50 per cent of our 



Fig 251 Duong the past century the 
average work week of the American 
laborer has decreased from more than 
sixty hours to something less than 
forty-eight hours, while the output of 
goods produced per man-hour has 
increased more than fivefold The 
fewer hours that the laborers work, 
the more time they have for the con- 
sumption of goods 


total mechanical energy (Fig 253) During the last few decades 
other sources of heat and power have been increasing rapidly while 
that of coal has increased little. 


The energy developed from coal, like that from oil, gas, and watei 
power, makes two major contributions to industrial progress First, 


4 P L Alford, “Progress in Manufacturing,” Mechamcal Engtneermg, April 
19J0, p 403 y 
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Fig 252 Mineral fuels represent almost two-thirds of the total value of all 
minerals produced within the United States annually {Statistical Abstract of 
the United States } U S, Department of Commerce, 1947, pp 731-735 ) 



Fig 253 In 1900, coal supplied approximately 90 per cent of the energy utilized 
in the United States, today it supplies barely 50 per cent 
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when applied in the use of machinery, it increases the human power 
manyfold, and, second, it makes possible the concentration of power 
so that it can be used most effectively for industrial purposes 

Advantages of Mechanical Energy. In many respects mechanical 
energy is vastly superior to either man power or animal power An 
automobile may have more than 100 horsepowei, and an ordinary 
stationary engine may be capable of generating 20,000 horsepower or 
more Recent developments in the electrical industry have changed 
the steam central station from a source of mere local distribution to 
one of electrical supply over large areas. This change has neces- 
sitated the development of huge power plants which may be far 
removed from the industrial community, involving sometimes single 
installation units of approximately 500,000 horsepowei and turbine 
units as large as 70,000 horsepower D It is inconceivable that 10,000 
men could apply their power in pushing a tram or that 3,500,000 men 
could apply their physical energies in any possible way so as to create 
the power in a form that could be quickly and easily distributed over 
thousands of square miles and applied in widely separated places in 
just the amount needed, yet the power of the great turbine can be 
applied with an equal degree of success to lun a sewing machine, 
which uses but a minor fraction of a horsepower, or to turn the 
machinery of a great industrial plant which requires thousands of 
horsepower, and which perhaps is most effective if applied in some 
small space, inaccessible to man or beast 

This ability to concentrate power has been a major factor m the 
development of transportation facilities and consequently m the con- 
centration of industrial centers and in the growth of cities For, with- 
out rapid, cheap, and large-scale commerce, the concentration of 
peoples m large cities, far removed from the products which they 
must have every day, would be impossible In 1945 the railroads of 
the United States had in operation 41,018 locomotives which pulled 
an aggregate of 10 5 billion loaded car miles and 4,8 billion empty car 
miles. In comparison with this, human labor used for transportation 
purposes could accomplish only insignificant results 0 

Mechanical Energy versus Human Energy The horsepower in- 
stalled to run our factories, mills, and railroads, to light our homes, to 
operate our refrigerators, gas ranges, etc , plus the power installed in 
our automobiles was estimated (1938) by General Motors Corpora- 

8 A D Blake and P W. Swain, “Fifty Years of Power,” Mechanical Engineer- 
ing, April 1930, pp 321ff 

8 Compiled from Statistical Abstract of United States, 1947, pp 510-516 
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tion as considerably moie than 1 5 billion. Since then the energy 
consumption has increased sufficiently to indicate that, by 1945, this 
horsepower approximated 2 billion. Comparisons of human and 
mechanical power have their limitations, but it is estimated that the 
power of an ordinary man is y 10 hoisepowei. Reduced to human 
equivalent then, 20 billion mechanical slaves are ready to serve us at 
all times at a cost pel slave of only a few dollars a year. 

Coal Resources of the World 

Coal is one of the most abundant of our industrial minerals The 
reseives within (5,000 feet of the surface are estimated at approximately 
8,000 billion tons, an amount large enough to last the world approxi- 
mately 4,000 years at the present rate of consumption, assuming one- 
fourth of the coal to be lost because of poor methods of mimng, 
With a supply sufficient to satisfy our present needs for more than 
100 generations there seems to be little reason to worry about any 
probable future shortage (Fig 254) 

We have every reason to believe that the scientific world will not 
stand still and that as necessity anses other sources of energy will be 
found There are piobably more possible substitutes for coal than for 
any other important industrial commodity used by man. There are 
many sources of power, including petroleum, natural gas, water, 
tides, differences m temperature of sea water, the sun, and atomic 
energy, which are being used oi may be used as substitutes for coal. It 
is now known that a few pounds of uranium will produce as much 
heat or energy as thousands of tons of coal or petroleum Scientists 
differ as to how soon this heat and energy may be applied to the task 
of heating cities, or of propelling ships, airplanes, automobiles, and 
the thousands of other types of machines 

In the meantime coal, oil, natural gas, and watei power are still 
indispensable Science is, therefore, continuously endeavoring to dis- 
cover methods of reducing the waste m the utilization of coal, thus 
lengthening the life of this valuable resource At present, however, 
the energy which is lost m burning coal fai exceeds that which is 
utilized An ordinary steam engine will not convert 15 per cent of 
the heat of combustion into useful work, the steam locomotive utilizes 
less than 10 per cent of the energy; and domestic consumption is even 
more wasteful Similarly there is great waste in the processes of min- 
ing and distributing coal. This may be reduced, thereby saving fuel 
and thus prolonging the life of the reserves. 
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Limited Supply of High-Grade Coal. While the complete exhaus- 
tion of our coal supply is so remote as to be of little concern at pres- 
ent, the danger of depleting our high-grade leserves merits more atten- 
tion The great bulk of coal, especially m the United States, is the 
low-rank bituminous, subbituminous, and lignite, and the high-grade 
coals are relatively scarce The best coals aie the ones that are being 



Fig. 254 North America, and particularly the United States, possesses vast reserves 
of coal The total quantity of good-grade and readily mined bituminous coal in 
the Umted States is estimated at 1 4 trillion tons— enough to last the world at the 
present rate of consumption for about 1,000 years The Umted States also pos- 
sesses more than 2 trillion tons of low-grade coal 

drawn upon most extensively and will be the first to be exhausted 
There is no immediate cause for alarm, however, as the reserves of 
easily mined high-grade coal of eastern Umted States and western 
Europe are sufficient to supply the needs of the industrial world for 
several generations to come By the time these are gone, science may 
have solved the problem of securing heat and energy from othei 
sources. It should not be forgotten, however, that mankind has lived 
on the earth for hundreds of thousands of years, and so far as we can 
foresee should be able to live here many more thousand years Conse- 
quently a due regard for the rights of future generations demands 
that we do not wantonly waste such valuable resources as coal, oil, 
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and gas until we are certain that their functions can be performed 
equally well by substitutes. 

Although nature has supplied mankind with an abundance of coal, 
a study of Fig 254 indicates that future political boundary lines were 
not considered when the coal beds were being foimed According to 
the present estimates, North America contains about two-thirds of the 
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Fro 255 Note that the dates of coal production for the various countries of the 
world are 1937 and 1946 except those for Germany which are 1937 and 1942. 
Since 1942, German coal production has declined sharply 


world’s coal resources, and the United States alone contains more than 
half of the total known reserve Among the continents, South Amer- 
ica and Africa have fared worst, having small known deposits, most 
of which are of inferior grade 


Coal Production of the World 

Most of the coal production of the world is concentrated within a 
few of the great industrial countries The United States, Germany, 
Great Britain, and Soviet Russia are preponderantly the leaders m the 
industry. Although these foui countries support only 21 per cent of 
the world’s population they produce approximately 80 per cent of 




COAL 


655 


the world’s output of coal. Most of the remaining fouith is mined m 
other Euiopean countnes, more than 90 per cent of the world’s output 
being mined m countries which drain to the North Atlantic (Fig 255) 
All the South American countries combined produce less than 0 5 per 
cent of the output of the United States, and each of the continents 
of Afuca and Australia produces less than 3 per cent of the amount 
mined m the United States alone Asia, with more than half of the 
world’s population, produces less than 8 per cent of the world’s coal 
supply This unequal distribution of coal production is more stuk- 
ingly emphasized m the per capita consumption of coal m selected 
countries and continents Although the Umted Kingdom and Gei- 
many both produce more coal per capita than the Umted States, the 
United States is distinctly the leader m the per capita consumption of 
mineral fuels, since it is the world’s largest consumer of petroleum, the 
leading substitute for coal 

The approximate per capita coal and lignite consumption for 
selected countries pnoi to World War II is indicated below 
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Trends of Coal Production in the United States 

Coal has been mined in the Umted States since 1750, but in those 
early days wood was plentiful and the use of coal was so little under- 
stood that the demand for it was small. As late as 1822, the annual 
production had barely reached 54,000 tons From this time on, the 
output gradually increased with only minor recessions until the peak 
of production was reached in 1918 when 678,000,000 tons were 
mined Since then the curve of coal production has flattened out 
with a tendency to bend down except as stimulated by the great 
demand of World War II and its aftereffects 
This recent decrease (relative not actual) in the output of coal is 
largely the result of (1) the increasing use of competing fuels and 
water power, (2) the more efficient use of coal, and (3) the interrup- 
tions to the flow of coal because of strikes 
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The Coal Fields of the Unii-ed States 

The Appalachian Coal Fields. Although coal is mined in more 
than thirty states, the Appalachian Highlands probably contain nine- 
tenths of the high-grade coal of the countiy and supply more than 
two-thirds of the total output of the nation Nearly 60 per cent is 
mined in Pennsylvania and West Virginia, the foiemost mining states 
of the Union (Fig. 2 56) 
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Fig 256 Approximately three-fourths of the coal supply of the United States is 
mined m the Appalachian region (Data for 1944-1947 ) 


The major fields of the Appalachian region aie the anthiacite field 
of eastern Pennsylvania and the northern, central, and southern fields 
of the Appalachian Plateau These fields contain the greatest store of 
high-quality coal to be found in America, if not in the world, and 
constitute the foundation of the great mdustrial development of east- 
ern United States They have supplied most of the fuel for the blast 
furnaces and the great iron and steel mills not only of the Pittsburgh 
district but also of all the country east of the Rocky Mountains, they 
have provided most of the energy and part of the raw materials for 
the countless manufacturing enterprises of eastern United States; and 
they have supplied fuel to warm millions of homes, both within this 
country and m Canada, Each of the major Appalachian coal fields 
contains vast quantities of high-grade coal which is relatively easily 
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mined, and each has contributed in a major way to the wealth of the 
nation But the noithern Appalachian field, which contains, among 
others, the famous Pittsbuigh bed, ranks fiist m value and production 
not only among all the coal fields of the United States, but also of 
the world 

The Pittsburgh coal bed The Pittsburgh coal bed is probably 
the most valuable single mineral deposit m the world and undoubtedly 
stands first among all the mineral deposits of the Umted States m its 
contribution of wealth to this nation Already it has contributed to 
Pennsylvania, alone, almost 3,000,000,000 tons of high-grade coal worth 
nearly $4,700,000,000 7 And yet the vast amount of coal which 
lemams in this bed is estimated at approximately ten times that which 
has already been mined This bed averages about 7 feet m thickness 
and is remarkably persistent over large areas, covering approximately 
5,729 square miles in Pennsylvania, West Virginia, Ohio, and Mary- 
land 

In early times the long black bands, indicating the outcrop of this 
coal bed, ended the hills in the Pittsburgh area at an elevation of 400 
feet above the waters of the Allegheny and Monongahela rivers, and 
extended up the valley sides of the Monongahela in an unbroken line 
for a distance of 200 miles 

The horizontal position of the coal bed, the thickness of the seam, 
and the outcrop of the seam along the valley walls are all factors 
which nature has provided to make mining an easy task Conse- 
quently, the per capita output of coal is exceptionally large The 
quality of the coal for a variety of purposes is almost unsurpassed, 
and the location near the head of several liver systems has facilitated 
the marketing of the coal over a wide aiea The plateau in which the 
coal bed is situated is deeply dissected by numeious streams, thus 
exposing the coal seams for hundreds of miles along the valley sides 
The coal is accordingly easily mined by tunneling into the hillsides 
and is cheaply transpoited by the aid of gravity to the valley floor 
below (Fig 257) In many places the downward-moving coal-laden 
cars haul the empty cars up to the mine so that little extra power is 
needed m the operation. 

7 “The Pittsburgh Coal Bed,” Transactions American Institute Mining En- 
gineers, April 1930, p 482, Between 1930 and 1945 this bed produced almost a 
billion tons of coal worth more than 2 bilhon dollars The exact data are not 
available, but the average price of bituminous coal per ton at the nunc has 
jumped from $1 70 in 1930 to more than $3 in 1948 
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In early days the coal became famous for its excellent qualities foi 
the manufacture of gas and coke It was used in a wide area extend- 
ing from the Atlantic seaboard to Chicago, and from southern Canada 
to the Ohio River, for the manufacture of artificial gas Coke, espe- 
cially from the Connellsville district, served blast furnaces through 
much of the eastern United States, so that, quite aside from furnishing 
a foundation for the great iron and steel industry of the Pittsburgh 
district, this coal has supplied the wants of half a nation or more 8 



Fig. 257. Coal-mining machinery can be more easily and more efficiently used m 
the bituminous coal fields than in the anthracite 


The marketing of the coal over a wide area was facilitated, in early 
times, by the natural and artificial waterways which radiated from the 
region, more recently the field has been served by more than a score 
of railways which connect the region with all parts of the United 
States The Potomac, with the Chesapeake and Potomac Canal, has 
afforded cheap transportation fiom the Pittsbuigh-Maryland section of 
the bed to the eastern seaboard, the Youghiogheny, Monongahela, and 
Ohio rivers afforded cheap transportation for the coal of West Vir- 
ginia, Pennsylvania, and Ohio to the broad Mississippi Valley both 
north and south, the Great Lakes gave an easy outlet to central Canada 
and to the far Northwest, and the Erie Canal opened a large market 

8 1 C White, et al, “The Pittsburgh Coal Bed,” Transactions American In- 
stitute Mining Engineers , Vol. 74, p 482 
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for Pittsbuigh coal in central and eastern New York and New Eng- 
land 8 

The reserves of the bed are still large, estimated at approximately 
22 billion tons, which at the recent rate of recovery should last about 
180 years 

The Middle Appalachian coal meld About 500 miles south of 
Pittsbuigh lies the middle Applachian field, second only to the noith 
Appalachian field in the production of high-quality coal Heie, m 
southern West Virginia and eastern Kentucky, the plateau is even 
more deeply and intricately dissected than farther north Conse- 
quently, the mines aie easily opened in the walls of the valleys and the 
cost of mimng is less than m any other American field 

The best known coal of this region is the Pocahontas coal, which is 
almost smokeless and, consequently, is used extensively for heating 
homes The high quality of the coal, together with the low cost at 
which it can be delivered at the Atlantic seaboard, have resulted m 
its extensive use for bunkering ships 

The Southern Appalachian coal field Near the southern end of 
the Appalachian Highland is situated the third major field of this 
physiographic province Here the largest production of coal is m 
the Bummgham district, where a good grade of coking coal is pio- 
duced to supply the iron and steel industries of the vicinity 10 This 
coal field also supplies large quantities of fuel for southern railroads, 
and, with the industrialization of the South, the public utilities are 
consuming an increasing amount. Coal is also distributed throughout 
much of the South for domestic purposes, but, because of the mild 
winters m that part of the United States, the amount of fuel consumed 
in the homes is small 

Interior coal fields. Coal underlies a large part of the interior 
plains of North America (Fig 258) The eastern interior field, sit- 
uated m Illinois and Indiana, is the only one in which coal is being 
extensively mined It contains the highest-grade coal of the mtenor 
region and is favored by location which permits it to compete with 
Appalachian coal for the industrial maikets of the Gieat Lakes region 
and a large part of the Mississippi Valley 

The other goal fields of the interior lowlands contain inferior grades 
of coal and under present conditions can scarcely compete with eastern 
fields. Consequently, they are of little importance at present How- 

*lbtd 

10 R Dawson Hall, “The Coal Fields that Underwrote Birmingham’s Industrial 
Activity,” Coal Age, Vol 33, Oct 1928, p, 587. 
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ever, their vast potential resources of fuel may become more impor- 
tant when our eastern coal fields are depleted, 01 , perhaps, they may 
become competitors of our eastern coal fields, provided that we learn 
how to use low-giade coal more efficiently 

Anthracite Coal The fust coal to be extensively mined in the 
United States was in the anthiacite field of eastern Pennsylvania This 
field of approximately 480 squaie miles, an area about the size of an 
average county of Ohio, plays an exceedingly important role m Amei- 
lcan life It formerly produced 60 to 80 million tons of coal a yeai, 
but coke, petroleum, natural gas, and artificial gas are replacing the 
more expensive anthracite in many markets Consequently, m lecent 
years only 45 to 50 million tons have been produced annually Re- 
serves of anthiacite, estimated at 21 billion tons, are sufficient to last 
at the piesent rate of consumption for several centuries 11 

The anthracite field lies m the highly folded rocks of northeastern 
Pennsylvania Indeed, the same series of geological activities which 
brought about this folding changed the vegetative accumulation of 
swamps and bogs into the finest grade of anthracite coal These 
processes have left the beds tilted, m places at a high angle, making 
deep mining necessary and involving heavy expenditures for mining 
machineiy Under such conditions the amount of labor per ton 
required to mine anthiacite coal is much greater than that needed m 
mining bituminous coal 

Anthracite is piincipally a domestic fuel This hard, dense coal, 
with low volatile content, burns slowly with a low flame and little 
smoke, but with an intense heat The heating of houses by public 
utility corporations has not yet become common, and as long as it 
remains m the hands of the householder, the manifest need of con- 
venience and cleanliness gives anthracite a distinct advantage over 
bituminous coal Since most of the coal is used in the home xathei 
than in industry, the principal basis for the anthracite market is cold 
winters m a densely populated region As a consequence the great 
outlets are m New England, the Atlantic states, and those sections of 
the Middle West which are connected with the anthracite mining dis- 
trict by watei transportation. These areas take more than 90 per 
cent of the total domestic sizes, and with Canada they consume almost 
97 per cent 18 

11 M R, Campbell, “The Coal Fields of the United States,” Professional Paper 
100-A, U S Geological Survey, 1922, p 24 

18 Walter H Voskuil, Minerals m Modem Industry , John Wiley & Sons, 1936, 
p 44 ' 
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The struggle of transportation companies to secuie a part of the 
freight created by the anthracite field has given the region excellent 
marketing facilities During the early development, a canal was built 
along the Schuylkill River to connect the field with the populous 
Philadelphia region Later almost every lailroad company whose lines 
came within a few hundred miles of the field began to reach out for 
a share of the coal freight Consequently, the legion is now served by 
more than a dozen roads Something of the amount of this freight 
is indicated by the fact that the tonnage of coal shipped from this small 
region is more than fifteen times that of the largest cotton crop ever 
grown in the cotton belt, and more than three times that of the entire 
wheat crop of the United States 

Coal Industry of Europe 

Foi several years prior to World War II, Europe had been pro- 
ducing about one-half of the world’s supply of coal and most of the 
world’s lignite The major produceis of coal were Germany, Great 
Britain, the USSR, France, Belgium, Poland, and Czechoslovakia 
During the years between the two world wars, the western European 
countries had greatly increased their capacity to produce coal by in- 
creasing the mechanization of the mines World War II, togethei 
with the post-war political, economic, labor, and transportation prob- 
lems have disrupted production so seriously m several countries that 
world statistics for 1940 to 1947 are not very meaningful 
The Importance of Coal to the United Kingdom. The United 
Kingdom was the first country in the world to use coal on a large 
scale, and, in the per capita production, she still holds a high place 
Coal from her nunes supplies the powei for her manufacturing in- 
dustries upon which the masses of the population depend foi their 
income, coal supplies a large part of the power foi her merchant 
marine— the largest in the world— which brings to the country food 
for her industrial population, and raw materials foi her factories, and, 
finally, coal is a major export-r-one of the very few raw materials which 
the United Kingdom produces in excess of her home needs 
The coal leserves of the Umted Kingdom are small in compaiison 
with those of the United States (Fig, 254), they aie large enough, 
however, to supply her probable needs for several more generations, 
and at the same time to permit her to produce large quantities for 
export Moreover, the lesources are almost ideally distributed ovei 
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the United Kingdom for most effective development of industry at 
home and for export (Fig 259) 



Fig 259 Coal fields in England and Scotland The Northumberland-Durham (in 
which Newcastle is located) and the South Wales fields are the most important 
m the coal export trade, (Reproduced by permission from Case and Bergsmarlc, 
Modem World Geography, J B Lippmcott Company, 1938, p 410 ) 

Each coal field supplies the fuel and power for industries particularly 
suited to the region. The cotton textile industry of Lancashire, the 
woolen industry of Bradford and Leeds, the iron and steel industry 
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of Birmingham and Sheffield, and the shipbuilding of the Clyde and 
the Tyne are all dependent upon local coal fields for most of their 
fuel and power 

Great Briiain an important coal-exporting country From the 
time coal became an important commodity of international tiade until 
1937, Great Butam always held first place m the export of coal except 
for a few years when disastrous labor strikes disrupted Britain’s coal- 
mining industry 13 During 1937 and 1938, Germany was the leader 
m the exportation of coal and coke At that time Germany needed 
cash with which to buy raw materials for her industrial plants, and 
also with which to increase her stock piles of those raw materials that 
were needed by her mumtion plants Coal could be exchanged foi 
cash balances in foreign lands Consequently, as a result of necessity 
plus great effort and some sacrifice at home, she surpassed Great 
Britain in the export of coal 

Britain’s coal export trade, although disturbed at times by strikes 
or a labor shortage, has been favored by the excellent quahty of Bntish 
coal, by the location of the coal fields close to the coast, and by the 
close proximity of the three major coal-nnporting legions of the 
world— the borderlands of the Baltic and Mediterranean seas, and the 
industrial region of northern France The export of coal has also been 
favored by the nature and extent of British trade The British im- 
ports are mostly bulky raw materials collected from all parts of the 
world, used to feed her industrial population and to supply her great 
industrial plants, her exports, other than coal, are largely manufac- 
tured goods of a less bulky nature Coal, therefore, may be shipped 
to distant countries at surprisingly low freight rates m order to help 
balance the tonnage Thus, ships going to Argentina for wheat, to 
Brazil for coffee, to Chile for nitrates, oi to any other part of the world 
for bulky raw materials may take coal, provided that the country is in 
need of this valuable fuel 

Other factors which have favored the export of British coal are 
the vast expanse of the Bntish Empire, many parts of which are with- 
out an adequate fuel supply, the vast foreign investments of British 
capital in mines, railroads, and other enterprises which require coal, 
and the wide distribution of British coaling stations. 

13 During 1926 a coal miners’ strike in the United Kingdom caused a most 
disastrous interruption of the coal trade As a result British exports fell to 
20,000,000 tons, while the exports of the United States jumped to almost 22,000,- 
000 tons and those of Germany to 38,000,000 tons 
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The Coal Industry of the Continent of Europe. Although Europe 
does not possess such uches of coal as are found in the United States, 
the continent is well supplied with a fair to excellent grade of coal 
Moreover, the distribution of the coal would not be particularly bad 
but for the fact that the continent is made up of many countries, a 
few of which possess most of the coal Too frequently the easy 
and economic distribution of this valuable mineral to the vanous parts 
of the continent where it could be most economically used is checked 
by numerous international boundary lines. These boundaries divide 
countries between which there is intense national rivalry. This is 
well illustrated by the fact that, although France and the Netherlands 
are both poor in coal, the rich industrial sections of both of these coun- 
tries are relatively close to the Ruhr coal field Yet international com- 
plications sometimes prevent the ready flow of Ruhr coal to France or 
the Netherlands just when it is most needed Thus France, m her 
attempt to develop her own coal resources rather than to depend 
entuely upon foreign countries, is mining low-grade coal from ex- 
ceedingly deep mines Some of the mines of France are more than 
4,000 feet deep If western Europe weie all one country, so that 
coal could flow easily from one part of the continent to another, those 
beds would probably await some future tame foi development Pres- 
ent-day mining, under such conditions, would be pushed more vigor- 
ously m fields where the grade of coal is better and where mining 
operations can be carried on more easily and with less cost per ton 
of coal 

Importance of German coal industries. The most valuable coal 
field in all Europe, and normally the most productive, is that of the 
Rulu district. Located in the lower Rhine Valley, the region has 
leady access to foreign raw materials and markets Before World 
War II, this coal field was connected by an excellent network of 
railways, highways, rivers and canals to the abundant raw materials 
and vast markets of western Europe. As a result of these and other 
advantages, the Ruhr had become the greatest industrial center of 
all Europe and probably, for its size, of the world. 

Based upon the coke-making plants of this field, the Ruhr became, 
prior to 1940, a leader in the manufacture of dyes, and other coal-tar 
products, and of natural gas. In 1939, the Ruhr produced 13 billion 
cubic feet of gas which was distributed through 1,500 miles of high- 
pressure gas mains, During World War II the synthetic petroleum 
industry was expanded in the Ruhr region and the estimated capacity 
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of gasoline production exceeded 1,500,000 tons annually befoie hos- 
tilities ended The Ruhr district probably surpassed any other area 
of equal size in the production of coal-tar products, chemicals, and 
armaments and munitions of war. 

The Ruhr is a region of gieat cities In 1939, three cities— Essen, 



Dortmund, and Dusseldorf— each had a population of more than 500,- 
000. Twelve others had a population of 100,000 to 500,000 each, and 
the total population of the Ruhr distiict was approximately 10,000,000 
(Fig. 260). The major industries of this region were (1) coal mining, 
(2) iron and steel manufacture, (3) pioduction of metal goods, (4) 
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manufacture of machinery, (5) chemical manufacture, and (6) the 
production of textiles (Fig. 261) In addition many other industries 
were developed within the Ruhr district In fact, it is probable that 
no other area of equal size manufactured as great a variety of goods 
as the Ruhr. 



Industry was first developed south of the Ruhr River There the 
textile industry based on water power and soft water and the metal- 
working industry based on water power, local ores, and charcoal were 
developed long before the local coal mines were worked Krefeld, 
Munchen-Gladbach, Rheydt, Barmen, and Wuppertal are textile ceil- 
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ters Solingen and Remscheid are the leading cutlery and metal cen- 
ters of Germany. 

The central zone has developed coal mining and heavy industries 
Duisburg, Essen, Bochum, Gelsenkirchen, and Dortmund are famed 
for their iron and steel industries In the northern aiea coal mming 
is important but industry has not been extensively developed 14 

Because of its great industrial importance and its large-scale arma- 
ment production during Woild War II, the Ruhr was considered a 
necessaiy target for the bombing fleets of the United Nations Post- 
war problems have retarded the rehabrlitatron of the regron and the 
full redevelopment of peacetime industries Consequently, the pro- 
ductive capacity of the district is greatly 1 educed The burden that 
has resulted fiom this loss of production is not confined to the im- 
mediate area It reaches every part of western Europe where the 
war-stricken peoples need the coal, iron and steel, chemicals, textiles, 
and other useful commodities which the region is well suited by 
nature to produce It also reaches the Umted States and other remote 
countries that are called on to help support western Europe Perhaps 
no other equal area of the world ever produced such vast quantities 
of armaments and munitions— implements of destruction, and perhaps 
m no other equal area of the world has the breakdown of peacetime 
industries caused so much and so widespread suffering 

Lignite production in Germany Germany produces more than 
75 per cent of the world’s total output of lignite. She has large lignite 
deposits which m seveial places can be worked from the surface by 
machinery operated by unskilled and cheaply paid laborers. Thus the 
German output of lignite, per laborer, is four or five times that of 
bituminous coal, which is mined from relatively deep seams and with 
inferior equipment 

Although the lignite possesses less than a fourth of the heat value of 
a good quality of coal, it can be mined so much more cheaply that it 
can compete successfully with coal both m heating homes and in sup- 
plying heat and power for certain types of industry Most of the 
lignite is manufactured into briquettes before it is sold to the con- 
sumer, thereby reducing the moisture content of the fuel, increasing 
its calorific value, and makmg a product which is easier to handle and 
one better suited to the needs of industry. At the same time, the by- 
products of the briquette manufacture— oil, gas, and tar— are of con- 
siderable value and help to bear the cost of making the briquettes. 

“Chauncy D Harris, “The Ruhr Coal-Mimtjg District,” Geographical Re- 
view, April 1946, pp. 194-221 
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The Coal Industry of Other European Countries. Coal is mined 
in more than a dozen other European countries, but the bulk of the 
output comes fiom the mines of Belgium, Russia, and France, and 
from Poland and Czechoslovakia Underlying southwest Poland and 
the adjacent parts of Germany and Czechoslovakia is the famous 
Silesia-Moravia-Krakow coal basin which accounts for all the coal 
pioduction of Poland and a fouith of that of Czechoslovakia More- 
over, the region is rich in zinc, lead, salt, and petroleum, and it con- 
tains some iron oie It also lies m the heart of a great agricultural 
belt and has excellent connections with world markets and raw ma- 
terials Consequently, it has become one of the important industrial 
centers of Europe 

Coal beds underlie northeast France, the Saar Valley, and adjoining 
parts of Belgium, and the Netherlands Most of these seams are deep, 
thm, of but medium grade, and expensive to mine The demand for 
coal within this region is great, since the rich mineral and agricultural 
lesources of the region, together with the excellent location, have 
favored great industrial development Moreover, the desire to have 
as complete national independence as possible caused all these countries 
to put forth great effort to produce as much coal as possible during 
times of peace m order to reduce their dependence on other countries 
during times of war 

Coal Industry of the USSR, (European and Asiatic) 

The USSR, is rapidly becoming a great industrial nation, and the 
opportunity for further industrial expansion, under good leadership, 
seems to be tiemendous. The vast size of the country, her large pop- 
ulation, and her lich resources of metals encourage the belief that 
under a strong foim of government the country would become a great 
industrial power with need for an abundance of coal. 

The coal resources of the USSR, are abundant and widespread. 
However, some regions that need power and fuel are remote from 
good coal fields No good coal has been found near Leningrad, and, 
as a result, industrial development of that populous area is seriously 
handicapped Industrial development in the Moscow (Moskva) Basin 
and in the southern Ural Mountain region has also been retarded be- 
cause of a lack of easily available, high-grade coal Since the early 
1920’s, both the Moscow Basin and the southern Ural region have 
become highly industrialized in spite of handicaps. The brown (low- 
grade) coal of the Moscow Basin is used in increasing quantities, coal 
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has been imported from the Donetz Basin, petroleum has been brought 
in from the Caucasus, and hydroelectric plants have been developed 
near Moscow The southern Ural legion, as explained later, has suc- 
ceeded m obtaining coal from Kuznetsk Basin situated 1,250 miles 
to the east. 

The best coal field of European USSR is situated m the Donetz 
Basin (Fig 246 ) The quality of the Donetz coal is good and the 
field is well located to promote industrial development It is cen- 
trally located m a populous region and is closely connected by rail- 
road to the other densely populated areas of the country The coal 
field is only 250 miles from the high-quality non ore of the Krivoi 
Rog district, and only a little more remote from the abundant iron 
ores of the Kerch and Crimea peninsulas Manganese, limestone 
(flux), chromium, copper, and petroleum are all found near by or 
in the Caucasus The products of the Caucasus region may be shipped 
to southwest USSR by cheap water transportation The Donetz 
coal field is also centrally located m the Ukraine, an excellent agricul- 
tural region 

For several centuries Ukraine has been noted for its agricultural and 
pastoral activities But with the development of modem industries, 
based largely on the coal and other minerals of the area, the Ukraine is 
rapidly becoming a region of cities and towns Mining, aluminum 
manufacture, iron, steel, and machinery production, chemical indus- 
tries, the building of railroad equipment, together with many other in- 
dustries have developed rapidly Phenomenal city growth m the 
region has necessarily been the lesult 

Eastward from the Donetz Basin, no large field of high-grade coal is 
found until Semipalatinsk, located in the Kuznetsk Basm, is reached 
This field is approximately 1,250 miles east of the southern Urals 
The southern Urals are rich in metals, especially iron ore, the Kuz- 
netsk Basin is rich m coal The formation of the “Ural-Kuznetslc 
Combine” has resulted in an exchange of raw materials between the 
two regions and the development of metallurgical industries in both 
centers Iron ore and other metals are shipped from the Urals to 
the Kuznetsk Basin and the trams return loaded with coal. The 
result has been a striking industrial expansion in both areas 

Coal is mined in several places along the trans-Siberian railroad m 
south central Siberia However, the largest producing field is located 
in eastern Siberia Coal, iron ore, lead, zinc, and other minerals are 
mined near Svobodny (Svobodm) and have been used to develop 
metallurgical industries. Since the U S.S.R. is in need of almost every 
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kind of product made of iron— especially agricultural and industrial 
machinery, railroads and equipment— it seems likely that these coal and 
iron resources will be moie extensively developed In fact, the iron 
and steel industry which was almost destroyed by World War I grew 
very rapidly aftei 1921, as indicated by the table 

Coal and Pig-Iron Production in Russia 


(Thousands of gross tons) 


Commodity 

1921 

1925 

1930 

1935 

1938 

Pig iron 

112 

295 

4,996 

12,493 

15,179 

Coal 

6,914 

14,914 

39,000 

109,000 

136,000 


Coal Resources and Industries of Other Parts of the World 

China has large reserves of high-grade coal 18 Although the major 
part of this coal is found in the northern part of the country, mainly 
in Shansi and Shensi, smaller reserves are found m every one of the 
eighteen provinces But little coal is being mined at present, owing 
to the backward state of the mdustnal development of China, the poor 
transpoitation facilities of the nation, her inadequate supply of some 
of the “key minerals,” especially non, and the political unrest China 
and the U S S R possess the hugest known coal reserves of Asia Japan, 
with an output of 36,000,000 tons, ranks first in production among the 
countries of Asia, but no othei world power has such small reserves 
The actual known reserves are less than a billion tons, and, because 
of the difficulties of mining, the Japanese coal costs more than twice 
as much as coal m the United States. 10 However, the island empire 
has an abundant water supply which she is developing on a large scale 
to supplement her limited resources of coal 

The coal production of Africa, Australia, and South America, com- 
bined, scarcely equals that df a third-rate coal-producing center of 
the Umted States 


PETROLEUM INDUSTRIES 

The story of the production and utilization of petroleum and its 
associated product, asphaltic pitch, extends over a period of many 

ls Vie Chow Juan, “Mineral Resources of China,” Economic Qeolagy, No 4, 
Parc 2, Supplement, June-July 1946, pp 408-419. 

Boris P Torgasheff, “The Mineral Industry of the Far Ease,” Chahli Co, 
1930, pp. 433-434 
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thousand years. Yet, as recently as 1859, these products had few 
known uses, and the annual production of crude oil did not exceed a 
few thousand barrels. 

Since 1859, the petroleum industries have been developed with amaz- 
ing rapidity Today, the products derived fiom this black fluid are 
essential to the progress of a score of industries, and as a source of 
lubricants it is a “key product” of industry considered indispensable 
to the operation of machinery thioughout the world 

Petroleum stands second among the minerals in value of output, 
being surpassed only by coal In 1945, the value of the petroleum 
produced in the United States was $2,093,300,000, only slightly less 
than the value of coal which was $2,101,000,000 The petroleum 
refining industry of the United States represents an investment of 
approximately $32,000,000,000 and ranks high m value among the in- 
dustries of the United States 17 

Causes of the Rapid Growth of the Petroleum Industries 

Several factors combined to favor the rapid growth of the petroleum 
industries after oil was discovered in Pennsylvania in 1859 Chief 
among them were (1) the best known whaling grounds had been 
rapidly depleted and a shortage of whale oil for illumination purposes 
threatened, (2) the method of distillation of kerosene from peti oleum 
had already been discovered and could be rapidly and easily de- 
veloped, (3) the principle of the lamp was already known, and as a 
consequence kerosene made a better lllummant than whale oil, (4) the 
facilities that had been used for the distribution of whale oil could 
now be utilized for the marketing of kerosene, and (5) easy methods 
of digging deep wells for the production of oil had aheady been dis- 
covered, and suitable machinery for this purpose had been devised 

As a result of the factors listed above* the keiosene industry grew 
rapidly The use of the automobile, the development of the industrial 
age, and the progress in transportation facilities caused a lapid increase 
in the demand for gasoline, lubricants, and fuel oil The products of 
petroleum are now considered so essential to industrial progress and to 
the successful prosecution of modern war that all the major powers 
of the world are seeking to gam control of, or at least an interest in, 
one or more of the proved large oil fields and are searching diligently 
for possible reserves not yet discovered. During the last few years 

17 Statistical Abstract of the United States, U S Department of Commerce, 
1947, pp 731-735 
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the struggle for the possession of petroleum has been so keen that 
the control of major oil fields causes more international concern than 
that of any other mineral 

Occurrence of Petroleum 

The teim “oil pool” may be misleading to the layman Oil com- 
monly occuis in a poious sandstone or cavernous limestone of such 
fine texture that m developing the field a large part of the oil, perhaps 
one-half to four-fifths in the sandstone, sticks to the walls of the pores 
and cannot be recovered Since oil is lighter, it remains on top of 
the water and is pushed up through the pores of the enclosing bed 
until it is arrested by an impervious stratum called’ the “cap rock.” 
Under such conditions, it is clear that wherever these strata are bowed 
upward the oil will be concentrated m the highest part of the porous 
or cavernous stratum, that is, in the “dome ” Thus an “oil pool” is 
most commonly found in porous rock strata, usually of convex shape 
like an inverted basin, lying under the crest or dome of an impervious 
layer of rock. 

The major task of determining wheie to drill for oil is usually al- 
lotted to oil geologists, who attempt to locate the oil dome or other 
favorable structuie This task is not a simple one The dome may lie 
under thousands of feet of rock, may be small or large, and is fre- 
quently very irregular m shape Moreover, some of the domes may 
contain oil though others do not. Consequently, the search foi oil is 
characterized by many hazards. Every year thousands of wells are 
drilled which fail to strike oil These wells are called “dry holes” 01 
“dusters ” 

Developing an Oil Pool. The discovery of a great new pool usually 
results in feverish activity which rivals that of a “gold rush,” especially 
if the pool is brought in with a gusher. Thousands of adventurers 
rush into the district to lease land and to prepare for the rapid ex- 
ploitation which inevitably follows Land values soar; banks, stores, 
hotels, and other places of business are built or enlarged to take care 
of the expanding business “The boom is on ” Towns or even cities 
spring up within a few weeks 

Frequently, scores of companies may have obtained rights in the 
pool before the development is many days old. Every one knows 
that the pool contains only a certain amount of oil and that this oil 
will readily flow from one leasehold to another "First come first 
served” is the rule. Consequently those having an interest in the 
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pool drill wells as quickly as possible in. order that they may obtain 
their full share of the oil As a result the number of wells drilled is 
unnecessarily large— a waste of both tune and money (Fig 262) More- 
over, when several major oil pools aie d.scovered within a few months, 



Fig 262 In many oil pools more wells are drilled than are economically advisable 
This condition is frequendy the result of keen competition of rival oil companies, 
each trying to get as much oil as possible before the pool is exhausted (Courtesy 
The Los Angeles Chamber of Commerce) 

as happened several times between 1929 and 1940, overproduction and 
ruinous prices for petroleum are the natural consequences of such 
competitive methods 

Nature and Uses of Petroleum, 

Crude petroleum is a complex chemical substance from which many 
products are made to serve a wide and diverse range of usefulness 
It is compact and can be easily handled; at present it can be quickly 
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and cheaply obtained, and it is easily converted into light, heat, or 
power In these respects it competes with othei fuels and watei 
powei, but as a source of lubricants its function is unique 

Early Uses of Petroleum 

Petroleum and its associated products have been used for many 
thousand years Asphaltic pitch was used to waterproof the Ark of 
Noah, the cradle of Moses, and the cisterns and silos of ancient Egypt 
and Mesopotamia Also it was used by the Egyptians in the process 
of mummification Asphalt was used as a mortar in the construction 
of Nineveh and Babylon and also in the buried cities of Ur, as early 
as 4000 bc Oil from Sicily was used by the Romans to light the 
temple of Jupiter, and many centuries later flame throwers fed by 
naphtha were employed against the crusaders when they stormed the 
walls of Constantinople 

The early American Indians were familiar with natural petroleum 
seepage They set their mosaics in asphaltum, they used it as an ad- 
hesive substance, they lined their baskets with it, and they had great 
faith m petroleum m performing all manner of cures 18 

Recent Uses of Petroleum 

In recent years many new uses have been found for petroleum, and 
the volume of production has increased with great rapidity Romania 
was the first country to keep a record of the output of crude petrol- 
eum. In 1857, that country produced 1,977 barrels and since then 
has had an unbroken record of production In 1859, petroleum was 
discovered in Pennsylvania Within less than a year the United States 
led the world in the output of crude oil and has held the leading posi- 
tion m all phases of the petroleum industry from that day to this 

Petroleum as an Illuminant. The discoveiy of petroleum m Penn- 
sylvania afforded a cheap and abundant resource for artificial light 
that was superior to the fats of animals, principally whales, that had 
been previously used. For approximately fifty years after 1860, the 
use of kerosene expanded until tins illuminant penetrated to the utter- 
most parts of the earth The 5-gallon oil can was a symbol of light, 
not only in most of the highly civilized world but also m parts of 

^Reprinted by permission from “Our Petroleum Supply,” Hugh D Miser, 
U S Geological Survey, Journal of the Washington Academy of Sciences, Vol 
29, March 15, 1939, p 95 
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Chma, India, central Africa, and other remote regions It would be 
difficult to estimate the value of keiosene and the coal-oil lamp to the 
civilized world, but if one were able to list the agents of civilization 
in order of impoitance, keiosene would undoubtedly have to be given 
a prominent position Kerosene is still more widely used in many 
backwaid areas than any othei type of llluminant 

Petroleum as a Source of Power and Heat. During the last few 
decades the demand for petroleum products for the development of 
power and heat has become so gieat that the amount consumed in these 
industries dwarfs by comparison that used for light Petroleum prod- 
ucts have been a major factoi in revolutionizing the transportation 
facilities of a large pait of the world, they have given a new and con- 
venient source of power to the farmers and industrialists of America, 
and, finally, they now provide the souice of heat for millions of 
dwellings. 

The numerous uses of petroleum result from the fact that it can 
be readily broken down into a group of fuels that are equally adapt- 
able to (1) the light combustion engine of airplanes, automobiles, and 
tractors, (2) the heavier Diesel engines in merchant ships, naval ves- 
sels, and stationary engines, or (3) the ordinary hot-water or hot-air 
furnaces for heating buildings. For some of these uses there are, at 
piesent, no cheap and acceptable substitutes, whereas petroleum may 
be generally substituted for coal where heat and power are desired, 
except, of course, for the fact that petroleum may be more expensive 
than coal 

Gasoline. In the early years of the petroleum industry gasoline 
was a troublesome waste product. But with the development of the 
internal-combustion engine, and especially with the introduction and 
rapidly increasing use of the automobile, the demand for this volatile 
fuel grew rapidly, and soon it became the most profitable product of 
the industry Consequently, the major efforts of the refiners have 
been to increase the percentage yield of gasoline from crude oil. Their 
success is indicated by the fact that the average yield of gasoline from 
a barrel of crude oil rose from 5 5 gallons in 1889 to 20 1 gallons in 
1945. 

More crude petroleum is now used for fuel than for any other pur- 
pose except the manufacture of gasoline The largest use of fuel oil 
is for bunkering ships. During the last few yeais thousands of vessels 
have been remodeled so that oil fuel may be used as bunker mstead'of 
coal, and most of the ships recently constructed have been equipped 
to burn oil. 
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The extent of this change is indicated by the fact that, in 1914 , the 
gross tonnage of all oil-burning vessels registered by Lloyds agencies 
was less than 3,000,000 tons, whereas by 1945 the total had leaped to 
105,000,000 

It has been estimated that the largest modern trans-Atlantic liners, 
by burning oil instead of coal, save 5,000 tons of fuel on one round 
trip between Liverpool and New Yoik and need only one-tenth as 
many stokers as would be required for a coal-burning ship of the 
same size The additional freight which can be carried adds materially 
to the profits of the trip. 

An increasing quantity of petroleum is being used as fuel for lail- 
road locomotives, gas and electric power plants, and for the heating 
of buildings. Petroleum is replacing coal as a fuel m many homes 
because of its cleanliness and the ease with which it can be regulated 
by machmery 

Lubricants The whole development of our machine civilization 
has been made possible only by petroleum lubricants The lubricants 
derived from vegetable oils and animal fats met the needs of the slow- 
moving machinery of the pre-industnal age, but the high-speed, high- 
temperature machinery of today quickly decomposes these vegetable 
and animal oils so that they lose their lubricating properties Only 
the lubricants of mineral oils are suited for modern machinery 
Petroleum Products Used m the Manufacture of Rubber. Butadiene 
is a gas which once existed only in insignificant quantities as a minor 
impurity of petroleum Because science found ways of making it 
from petroleum m enormous quantities, the United States and its allies 
have had enough synthetic rubber to fight a global war Butadiene is a 
gas under normal atmospheric conditions, but it can be liquefied under 
pressure When liquefied it has the characteristic of being able to 
combine with itself and with other substances such as styrene, into 
a rubbery material suitable as a substitute for natural rubber 
Marketing Petroleum Products. Next to coal, petroleum is the 
heaviest and most bulky product of American commerce. It is carried 
from the field to the refining centers by tank cars, tank steamers, and 
pipelines, of which the last is by all means the most important. More 
than 113,000 miles of pipeline connect the fields with refineries located 
in more than thirty states. This pipeline system represents an invest- 
ment of more than a billion dollars. 

Although pipelines are used to transport the crude oil, most of the 
manufactured products have been shipped by rail. At present, how- 
ever, pipelines are being used to transport gasolme, and it is probable 
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that within a few years most of the largest markets will be seived 
in this way 


The Petroleum Reserves of the World 

Any attempt to estimate the world’s reserves of petroleum is a 
hazardous undertaking Men of high repute in the field of oil geology 
have made estimates which, as shown by subsequent pioduction 
records, have fallen far from the mark Piudent obseivers no longer 
make definite predictions, and leadmg oil refineries do not conduct 
their business without giving due consideration to the uncertainty of 
the reserves Geologists are combing the earth in search for geological 
conditions which may indicate the presence of new pools, in the old 
pools the drillers are sinking wells to greater and greater depths in 
search of deep oil-bearing horizons, and constant study is being given 
to methods of recovery so that less oil will be left m the natural 
reservoirs 

The proved reserves of the world are estimated at approximately 
63 5 billion barrels The largest of these reserves are situated m the 
Middle East and in the United States The reserves discovered in the 
Middle East are estimated at 26 8 billion barrels, and those of the 
Umted States are estimated at 21 5 billion barrels 19 

Present Production and Outlook 

The active development of petroleum resources is in progress in 
more than a score of countries, but seven of them produce moie than 
90 per cent of the world’s output, and the Umted States alone produces 
approximately two-thirds of the total (Fig 263). 

Recently the production of petroleum has been increasing rapidly 
The output dunng the last fifteen years, 1932-1946 inclusive, has 
exceeded the production of the entire preceding history of the world 
The output of the United States now exceeds 1,800,000,000 barrels 
annually, although it did not cross the 100,000,000 mark until 1903 
and the half-billion mark was not reached untd 1922 

Although the petroleum resources of the United States are by no 
means on the eve of immediate exhaustion, we have certainly entered 
a stage of lavish expenditure of this precious fuel which can never be 

19 Petroleum Times , Brettenham House, Lancaster Place, London, June 1948, 
p, 4. This issue of Petroleum Times, pp, 4-115, gives an excellent review of 

the oil fields of the Middle East 

\ 
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replaced and for which no cheap and adequate substitute has as yet 
been discovered. 

The search for petroleum has been more intensive m the United 
States than in most other parts of the world Although the domestic 
deposits are widely scattered, the major production comes from three 
districts, and about half of the total output comes from 2 per cent 
of the wells. Although many new pools may yet be discovered, the 
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Fig 263 E G Dahlgren, “Oil Output Hits New High in 1947,” Mining and 
Metallurgy, American Institute of Mining and Metallurgical Engineers, February 
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general locations of the oil-bearing strata of this country are fairly 
well known, and, after considering the intensive work which has been 
done m these regions during the past few years, it seems inconceivable 
that we will long continue to discover new pools at the rate they have 
been found during the last few years 
Large oil companies and governments have become concerned over 
the future supply of petroleum, which is so essential to the welfare 
of nations Consequently, commercial rivalry is keyed to a high 
pitch. The struggle for the control of the major oil fields of the 
world has been a bitter one in which a few countries have gained 
control of practically the entire known world supply 
Geologists are fairly well agreed that the fear of an oil shortage is 
not without foundation The most optimistic estimates indicate that, 
if the rapid increase in production continues, a petroleum shortage is a 
possibility if not a probability within a few decades 







680 


MINERAL FUELS AND WATER POWER 


NATURAL GAS 

Four billion dollars are invested in die natural gas industry of the 
United States Gas is produced from more than 95,000 gas wells and 
distributed through 175,000 miles of pipelines to approximately one- 
fifth of the population of the country. 

The period of rapid expansion m the natural gas industry began in 
1920 (Fig. 264). Since then, theie has been continued construction of 
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Fig 264 Natural gas is the finest fuel produced by nature Yet m spite of the 
fact that we possess limited supplies of this valuable fuel we are wasting it 

rapidly 


gas mains from the major producing centers to the populous indus- 
trial districts Some of these mains are 20, 22, and even 24 inches m 
diameter and reach out hundreds or even a thousand miles from the 
wells 

Nature has provided the pressure which forces the gas to distant 
markets In the western fields the pressure ranges from 450 pounds 
in the Texas Panhandle to nearly 2,000 pounds in the field near Okla- 
homa City. The major gas mains are built to carry only 400 to 900 
pounds, and consequently the pressure of some of the fields must be 
stepped down before the gas is permitted to enter the pipelines. 

The major regions of natural gas production are located west of the 
Mississippi River, but the most important potential consuming areas 
lie east of the Mississippi River. Gas mains have been constructed to 
connect the Amarillo Field in Texas to Minneapolis, Chicago, Indian- 
apolis, and Terre Haute (Fig 265). More recently the Big Inch and 
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Little-Big Inch pipelines have been constructed from Texas to the 
great urban centers of eastern United States (Fig, 2S8). These pipe- 
lines have cost hundreds of millions of dollars— a tiemendous outlay 
of capital, especially since the length of life of any given gas field is 
sail somewhat problematical However, all these major mams cross 
fields of workable coal, and, should the natural gas play out earlier 



Fig 265 Machinery now does most of the work of laying gas mains from the 

field to distant markets 


than expected, the lines may be used to carry araficial gas from the 
coal field to the industrial centers, 

Natural gas is already a strong competitor of coal During the last 
decade it has had a bad effect on the coal market of Colorado and 
Utah and also on the coal fields of the Mississippi Valley. At present 
more than 75 per cent of the natural gas consumed in the United 
States is used by industrial plants 

Natural gas is an extremely valuable fuel which is definitely limited 
m quanaty Yet no other resource has been so carelessly used and 
so recklessly wasted by the American people. It has been uneco- 
nomically used for the generation of power through steam, even 
though its efficiency is much higher as a fuel for the internal-com- 
bustion engine. But this and other similar wasteful methods of con- 
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sumption, common during the early part of this century, have now 
been largely discaided and the general industrial use is becoming in- 
creasingly efficient 

One of the chief industrial applications of natural gas is m the man- 
ufacture of carbon black Although 1,000 cubic feet of gas weighs 
about 44 pounds, 75 per cent of it being carbon, the average commer- 
cial yield of caibon is only about 1 3 to 1 4 pounds, or 3 per cent of 
the possible yield Yet the loss of gas through its uneconomical use 
has been unimportant as compared with the absolute waste, which 
has been going on ever since the first discovery of the product 

WATER POWER 

Early Uses and Limitations Many centuries ago man contrived 
methods of converting falling water into useful mechanical energy 
During the early stages of manufacturing development the steam 
engine had not been invented, and water power was the most impor- 
tant source of mechanical energy The early use of water power, 
however, required that the industry dependent upon it be located at 
the site of power Thus scores of cities in eastern United States and 
m western Europe owe their locations to waterfalls 

The old water wheel could be just as easily installed and was as 
efficient m small streams, where the water flowed over ledges only a 
few feet high, as in large and turbulent rivers with falls of vast pro- 
portions Thus New England and the Mohawk Valley, with their 
numerous small falls, were ideally suited to the type of manufacturing 
developments of early times, and the tremendous power resouices of 
the Niagara and the St Lawrence rivers were of little or no value 

Rivalry of Steam Power. The application of steam power freed 
industry from the restriction of geographical location and permitted 
it to migrate to the centers of population, to bulky raw materials, or 
to areas where other natural or social environmental conditions were 
suited to industrial development This step was so significant that it 
deserves the name “Industrial Revolution.” Recent developments m 
the long-distance transmission of electricity reinstate water power and 
permit it once more to become a major source of mechanical energy 
Moreover, the electric turbine permits the efficient utilization of water- 
falls and makes it possible to utilize almost the entire energy pro- 
duced by our mightiest falls and most turbulent rapids. 

Although more electric energy is produced from steam than from 
water power, water has the advantage of being more widely dis- 
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tnbuted than either coal or oil and affords a source of power that is 
inexhaustible The relative importance of steam-electric and hydro- 
electric energy differs greatly from one region to another, dependmg 
upon the supply of each and the relative ease and cheapness of install- 
ing hydroelectric and steam-electnc turbines Thus in Norway, where 
there is an abundance of water power but a seal city of fuel, practically 



Fig 266 Western United States possesses tremendous water-power resources 
Since the West is poor in coal the water-power resources are very valuable 
The greatest development of water power has, however, taken place m the 

industrial East 

all the electric energy is produced from falling water, whereas m 
northern Germany, where coal is abundant and easily mined, steam is 
the major source of electric energy Similarly, in those parts of the 
United States where fuel is abundant, steam-electric power predomi- 
nates, except in such areas as the southern Appalachian region, where 
water power is also abundant and cheaply developed, but in north- 
western United States, where fuel is scarce and water power abundant, 
hydroelectric power predominates (Fig. 266) 

The Electric Industry Largely a Development of the Present Cen- 
tury. It was not until 1900 that new inventions and improvements 
m the methods of producing and transmitting electricity made it pos- 
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sible for electric energy to compete m a large way with steam powei 
In fact, the most rapid progress has been made since 1915. In 1917, 
the electric power production of the world was only 55 billion kilo- 
watt-hours; m 1937 it totaled 230 to 240 billion kilowatt-hours 
Within the Umted States the output of electricity has increased from 
70 to 150 per cent eveiy five years since 1902 Approximately one- 
third of this eneigy is supplied by falling water. 

Distribution of Water Power as Related to Utilization 

The Vast Unused Water-Power Resources of Africa and Asia 
Although electricity may be transmitted several hundred miles, the 
cost increases rapidly with added distance from the source of power 
Transmission lines are expensive and the upkeep high, so that the 
extreme limits to which this form of power can be transported for 
ordinary industrial uses are 400 to 600 miles Unfortunately, the 
largest water-power resources of the world aie remote from the great 
industrial centers where most of the power is needed 

Africa, the most backward of all continents and the one that has 
made the least industrial progress, possesses the greatest potential power 
resources of any continent, approximating 40 per cent of the world’s 
total (Fig 267) So far as can be seen now, this resource can never 
be transported to other continents to add to the wealth of the great in- 
dustrial nations, as could be done with many other products of Africa. 
A steady stream of copper, non ore, tin, and industrial crops flows 
from the “dark continent” to enrich the great industrial powers, and 
during past centuries even the natives were an item of lucrative com- 
merce But, so far as can be seen now, if the vast water-power re- 
sources of central Africa are ever developed, they will have to be 
devoted to the promotion of home industries 

It is probable that several generations may pass before any con- 
siderable amount of these vast potential water-power reserves will be 
developed Yet it is not inconceivable that some day part of it will 
be employed to cool the homes within the hot, steaming foiest lands 
of equatorial Africa, just as fuel has been burned for many centuries 
to heat the homes of middle and higher latitudes. Some day this 
power may be taken advantage of on a large scale to exploit the 
copper, iron ore, phosphate, tin, and other mineral resources of the 
continent and to produce fertilizers for the relatively infertile lands 
of the humid forest regions 
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If this vast resource is ever fully utilized, it will represent the equiva- 
lent of several hundred million mechanical men working for peoples 
who, in the past, have been only too willing to impress their fellow 
men to serve their needs. 

Asia ranks second only to Africa in her potential water-power re- 
sources and resembles her m hei retaided development China, with 



Fig. 267 Africa, the most backward of all continents, possesses the greatest po- 
tential power resources of any continent, whereas the United States and western 
Europe have developed their power resources more completely 


a population of moie than 400,000,000, has not, as yet, developed the 
watei-power resources within her vast domain, and the total turbine 
installation of the entire continent of Asia is less than that of either 
Norway or Italy. Yet this continent contains almost a third of the 
land area of the globe and supports more than half of the total pop-* 
ulation Millions of women and children are toiling under conditions 
of which the women and children of America have no conception 
Utilization of Water Power in North America and Europe. More 
than 95 per cent of the world’s output of hydroelectric power is pro- 
duced in North America and Europe, the United States and Canada 
accounting for approximately half of the total Turbine installations 
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are widely scattered over these continents, but they are by no means 
uniformly distributed 

Importance in the United States. The United States has a com- 
manding position in the production of hydroelectric power, just as it 
has in the development of power fiom coal, oil, and gas In the com- 
petition between cheap fuel and water power the low cost of installing 
steam plants has given fuel the advantage in most parts of the United 
States. However, in the mountain and Pacific states, wheie coal is less 
abundant and water power plentiful and easily developed, fuel plays 
a less important role in the electrical industry 

In no other section of the United States has water power played 
such a significant part as in New England Here the natural environ- 
ment favors easy water-power development, and the demand for 
power is large Precipitation is heavy and relatively uniform, the 
glacier threw dams across practically all the larger streams, causing 
hundreds of waterfalls of varying height, and the lakes, forests, and 
glacial debris all tend to regulate the flow of water, giving it remark- 
able uniformity throughout the yeai Moieover, during the early 
period of manufacturing in New England, water power represented 
practically the only source of mechanical energy, for the s team en- 
gine had not then been invented Latei the absence of coal, oil, and 
natural gas within the region was a distinct handicap to the develop- 
ment of steam power Consequently, the water-power lesources of 
New England have been more completely utilized than those of any 
other part of the United States (Fig 266) 

Canada and Norway the Most Lavish Users of Hydroelectric 
Power in the World. Canada has a turbine installation of more than 
Yi horsepower per capita or approximately four and one-half times 
that of the United States The capital invested in the hydroelectric 
industry represents one-sixth of the total investment of the manufac- 
uring industiy of the nation, and the rate of growth is more rapid 
than that of most other industries The major development has oc- 
curred m southern Ontario and Quebec, wheie the demand for power 
is rapidly expanding and where natural conditions favor the economic 
installation of turbines. 

Ontario and Quebec lack coal and oil reserves, but they have a 
potential water-power resource of approximately 18,000,000 horse- 
power— 60 per cent of the total for the entire country Moreover, 
there are few regions where water power can be developed more 
easily than m the southern part of these provinces. Ontario shares 
with New York the vast resources of Niagara, and the southern parts 
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of both Ontario and Quebec are drained by livers whose waters 
tumble over many cataracts and falls as they descend from the lake- 
dotted forests of the Laurentian Plateau to the St Lawrence Valley 
Much of this power is situated near the heart of a great industrial 
area where the demand for power is large Even the frontiei in- 
dustries, forestry and mining, which are gradually pushing into the 
land of the frozen north, demand an abundance of power Power is 
needed for almost every process of paper and pulp manufacture, and 
these industries consume 15 to 20 per cent of the output of the coun- 
try Electnc power is being used m increasing amounts in the min- 
ing operations such as drilling, shaft mining, and the concentration 
of ores Recently there has been a growing demand for electric power 
in the development of electrochemical industries, such as the recovery 
of gold and silver, the production of aluminum pig, and the manufac- 
ture of fertilizers 

In many respects the water-power industiy of Norway paiallels 
that of Canada. Environmental conditions favor the easy and cheap 
installation of turbines, while the scarcity of fuels retards the de- 
velopment of steam power, the location, close to great industrial 
markets and in an invigorating climate, promotes the growth of manu- 
facturing; and finally, the local raw materials, especially forest prod- 
ucts, require an abundance of power for manufacturing processes 
Power m Norway, as m Canada, is used chiefly m the manufacture of 
wood pulp, paper, and chemicals, and in the smelting, refining, and 
alloying of metals. 

REFERENCES 

Alford, L P, '‘Progress in Manufacturing,” Mechanical Engineering, April 
1930, pp 401-403 

Ballert, Albert G, “The Coal Trade of the Great Lakes and the Pott of 
Toledo,” Geographical Review, April 1948, pp 194-206 
Blake, A D., and P W Swain, “Fifty Years of Power,” Mechanical Engineer- 
ing, April 1930, pp 321-323 

Brandt, Karl, “The Fuel Crisis m Europe,” Foreign Affairs, January 1946, pp 
337-340 

Campbell, M R, “The Coal Fields of the United States,” Professional Paper 
100-A, U S Geological Survey, 1922, 

Coluson, N H, A Medical Survey of the Biturmnow-Coal Industry, U S 
Department of the Interior, 1947 

Crone, G R, “Inland Waterways of Germany,” Geographical Journal, April 
1939, pp 333-339 

Hall, R. Dawson, “The Coal Fields that Underwrote Birmingham’s Industrial 
Activity,” Coal Age, Vol 33, October 1928, pp 587-589, 599 



688 


MINERAL FUELS AND WATER POWER 


Harris, Chauncy D , “The Cities of the Soviet Union,” Geographical Review, 
January 1945, pp 107-121 

Juan, Vei Chow, “Mineral Resources of China," Economic Geology, No 4, 
Part 2, Supplement, June-July 1946, pp 399-471 
Killough, Hugh B, Raw Materials of Industrialism, Thomas Y Crowell Co, 

1929, Part 5 

Leith, C K, World Minerals and World Politics, McGraw-Hill Book Co, 1931 
Lippincott, Isaac, Economic Resources and Industries of the Wmld, D Appleton 
& Co, 1929, pp 127-170 

Logan, L J, “Need For Synthetic Fuel Industry,” World Oil, The Gulf Pub- 
lishing Company, Maich 1948, pp 37-38 
Mineral Industry, McGraw-Hill Book Co, Annual 

Miser, Hugh D, “Our Petroleum Supply,” Journal of the Washington Academy 
of Sciences, Vol 29, March 15, 1939 
Petroleum Times, Brettenham House, London, June 1948, p 4 
Pherson, Elmer W, “Mineral Position of the Umted States and the Outlook 
for the Future,” Mining and Metallurgy, April 1945, pp 204-210 
Stamp, L Dudley, “Britain’s Coal Crisis,” Geographical Review, April 1948, pp 
179-193 

Stoughton and Butts, Engineering Metallurgy, McGraw-Hill Book Co , 1930, 
pp 146-163 

The Coal Resources of the World, Morang & Co , Toronto, Canada, 1913 
Torgashetf, Boris P , The Mineral Industries of the Far East, Chali Co , Shanghai, 

1930, pp 421-441 

Van Hise and Havemeyer, Conservation of Our Natural Resources, The Mac- 
mdlan Co , 1930, pp 23-59, 175-192 

Voskuil, Walter H, Minerals m Modern Industry, John Wiley & Sons, 1930, 
pp 24-170 

White, I. C , et al , “The Pittsburgh Coal Bed,” Transactions, American Institute 
Mtmng Engineers, Vol 74 

Wood, Albert C, “Industrial Power,” Mechanical Engineering, Vol 52, No 4, 
April 1930, pp 340-346. 



Chapter 21 


OTHER MINERAL INDUSTRIES 


Although iron and mineral fuels represent the very foundations of 
our great industrial development, literally scores of other minerals 
are absolute requirements if we are to maintain present high standards 
of living and to retain present strength in the economic, commercial, 
industrial, and naval affairs In a basic textbook in world geography, 
space does not permit a discussion of the usefulness of all the minerals 
Yet special repoits on such minerals as vanadium, chiomium, tungsten, 
helium, platinum, and other minerals that cannot be discussed here 
will add richness to the study of mmeial industries Some of these 
minor minerals are of such vital significance to the industrial world 
that their present distribution, national ownership, or commercial 
control create serious national and international pioblems 

COPPER 

Early Uses of Copper. Coppei was one of the first elements to be 
used in the metalhc form, its use preceded that of iron m the de- 
velopment of civilization Prehistoric lemams reveal the fact that 
tools, implements, weapons, and ornaments were made of copper or 
of bronze— an alloy of copper and tin— before the time of recorded 
history. But owing to the changes which have taken place in art, 
science, and industry, the copper and bronze tools, weapons, and 
machinery have been almost wholly replaced by those made of steel, 
aluminum, and other metals or alloys better suited to the manufac- 
ture of such products; the copper ornaments have been largely re- 
placed by those of gold, silver, and other precious metals and stones 

Although copper has been replaced by other metals for many of its 
former uses, new needs have arisen during the past century which 
have increased the demand for this copper manyfold As late as 1850, 
the total world production of fine copper was only 52,000 tons, 1 

1 Minerals Teat book, U S Department of the Interior, 1939, p 115 
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whereas the average annual production for the five-year period, 1941— 
1945, reached the impressive total of 2,600,000 tons 2 Indeed, copper 
has become one of our most valuable industrial minerals (Fig 252) 

Present Uses of Copper The phenomenal growth of the copper 
industry is closely associated with the rapid increase in the use of 
electricity and the development of the automobile industiy With 
the exception of silvei, copper is the best known conductor of elec- 
tricity It is abundant, cheaply produced, and lesistant to coirosion 
Moreover, it can be easily diawn into wire, it can be hammered into 
any shape, and, by alloying it with other metals, it can be given many 
specific properties, such as hardness or toughness, to meet specific 
demands 

Since the telegiaph was the only outstanding electrical device used 
before 1860, the demand for copper in this field had not yet become 
large After this date, however, new phases of the electrical industry 
were developed in lapid succession The use of the telephone was 
increasing rapidly before 1870, the trolley wire was introduced before 
1880, and rapid strides were being made m the use of hydroelectric 
power before 1900 During the present century theie has been a tre- 
mendous expansion in the use of copper for the production of all of 
these electrical conveniences, while at the same time there has been a 
growing demand for copper m the manufacture of automobiles, refrig- 
erators, and plumbing equipment 

Copper Resources. Copper ore is much more iiregular m occur- 
rence, and more widely scatteied, than iron oie. It is therefore im- 
possible to make even as accurate an estimate of copper resources as 
is made of iron ore Moreover, improvements in the methods of min- 
ing and refining copper ore have been more rapid than for iron Only 
a few decades ago the minimum limit of copper in ore, of economic 
value, was 2 to 3 per cent, whereas now immense quantities of ore 
which contain less than 1 per cent copper are worked piofitably 

Technology Increases Reserves Our copper reserves have been 
greatly increased during the last few decades by the discovery of tre- 
mendous deposits of fairly rich copper ore Yet our economic reserves 
have been increasing even more rapidly as a result of the invention of 
means of greater efficiency in using low-grade deposits that formerly 
could not be utilized. 8 

3 Minerals Yearbook, U S Department of the Interior, 1945, p 145. 

*C, K, Leith, Second Report of the Science Advisory Board, 1935, National 
Research Council, p. 362 
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Almost every mining mdustiy of the United States affords numerous 
examples of the aid of technology One of the best examples is found 
in. the copper industry. Before 1907 the ores of Bingham, Utah, could 
not be mined profitably unless they contained at least 3 per cent 
copper This left tremendous deposits that were so lean that they 
could not be economically exploited. With later advances in the tech- 
nology of ore recovery, the copper companies weie able to mine with 
profit ores that contain but slightly more than 0 5 per cent copper 
Similarly a few decades ago the largest known copper deposits in the 
world, the famous Chuquicamata deposits of northern Chile, could 
not be mined piofitably Recently this has become one of the greatest 
copper-mining centers in the world. Such achievements as those men- 
tioned above have greatly enlarged the estimates of copper ore reserves 
of the world. Thus, billions of tons of low-grade ore have been 
added to our reserves, and enough ore has been developed, or at least 
proved, to last several generations 

Copper Smelting and Refining. Copper sometimes occurs in the 
native state, that is, in the form of masses of pure copper embedded 
m the rock Such is the nature of the coppei ore of the Lake Supenoi 
district, where the masses of copper that aie of commercial value vary 
in size from minute particles to many cubic feet Most of the ore 
now being mined in this district is less than 3 or even 2 per cent cop- 
per, and the particles of the metal are small. However, bodies of pure 
copper are found occasionally that are too large to be handled by the 
mining machinery and must be cut into pieces before being removed 
fiom the parent rock These native ores need only mechanical separa- 
tion and melting Consequently, the richer ores were exceedingly 
profitable m the eaily days of development, and for many years 
Michigan was the foremost producer of copper in the world But 
the surface ore of the region has long since been exhausted, and some 
of the mines are more than a mile deep The resultant increase in the 
cost of mining is a distinct handicap to the industry, and the output 
is scarcely holding steady. 

In most of the ore bodies the copper is chemically combined with 
other elements and is somewhat uniformly distributed through the 
ore body. Such ores must be reduced by a chemical process called 
“smelting.” Since only a small percentage of the ore consists of 
metallic copper, it is evident that the smelting must be done near the 
mines This necessity is clearly indicated by the fact that in a recent 
year the Utah Copper Company milled 14,000,000 tons of copper ore 
which contained only 117,000 tons of the metal Great concentration 
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and smelting plants, which are located close to the mines, eliminate 
most of this rock waste and produce “copper matte” which contains 
35 to 50 per cent copper, and “blister copper” which is approximately 
95 per cent pure. These products can bear the cost of long-distance 
transportation. 

The final stages of refining aie usually completed near the gieat 
market centeis and at sites suited to utilize the copper fiom seveial 
mining distncts The profitable production of refined copper requites 
a large and expensive plant which can handle the output of several 
mines The refineues situated on the eastern coast of the United States 
have the largest output of any district in the woild In 1945, eleven 
plants produced the entire United States output of refined copper 
Only three of these refineries were located west of the Great Lakes 
one at Great Falls, Montana, one at Tacoma, Washington, and one 
at El Paso, Texas Three small plants were located on the Great 
Lakes and five laige ones were situated neai the Atlantic seaboard 

The Atlantic refineries are located near the greatest American mar- 
kets, they aie close to coal fields which supply cheap fuel needed for 
electrical lefimng and for manufacturing copper into wire, bearings, 
brushes, and numerous other products, they have port facilities for 
handhng the ores of the South American, Congo, and other foreign 
copper mines, and, finally, they are well situated for the export of the 
finished product to all parts of the world 

The refineries of the Great Lakes aie centrally situated in the large 
and rapidly expanding markets of central North Amenca, the refin- 
eries of Montana and Puget Sound were established close to great 
water-power sites where electric current could be produced cheaply. 
These refineries are also well located to supply the growing demand 
for copper in the West and the Orient. 

Distribution, of World Production of Copper 

Most of the copper supply of the world is produced in the United 
States, western South America, central Africa, and Canada Smaller 
quantities are mined in widely scattered parts of the world (Fig. 268). 
Our supremacy in the copper industry is indicated by the fact that m 
recent years more than one-third of the world’s supply of copper 
comes from American mines and approximately 40 per cent is refined 
in American plants 

This commanding position in the copper industry has been favored 
both by our huge supplies of domestic ores and by the large demand 
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for the red metal in the development of our home industries With 
large reserves of raw materials 4 and rapidly expanding markets at 
home, it was only natural that science should be called on to find meth- 
ods of producing and distributing the pioduct as cheaply as possible 
The larger the industry giew, the greater the reward for reducing the 
cost of mining, smelting, refining, fabucatmg, and marketing the metal 
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Fig 268. Munition manufacturers use lots of copper During World War II, the 
copper output of the world went to an all-nme high (Minerals Yearbook, U S 
Department of the Interior, 1945, pp 143-145 ) 


The promoters of the industry turned to the American universities 
for aid. They secured the services of hundreds of chemists, geologists, 
mining engineers, and metallurgists to aid them in the solution of their 
problems American leadership in the industry has been the result 


Copper Production within the United States 

Before 1845 most of the copper output of the United States was 
produced from small and unreliable deposits situated in Connecticut, 
New Jersey, and Pennsylvania These mines could not supply the 

*The estimated copper content of the copper ore reserves of the United States 
exceeds 20,000,000 tons, or enough to last this country a generation, at the present 
rate of production ( Mineral Industries, U S Department of the Intenor, 1930, 
p 226) 
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home maiket, and for many years copper was imported from Chile 
The opening of our laige reserves m Michigan, soon after 1845, made 
the United States independent of foieign resources and provided a 
surplus for export Cheap lake transportation aided the mining indus- 
try, and Michigan soon became the foremost copper producer of the 
Umon, a position which it held until the beginning of the present 
century 

Something of the vast copper resources of the Rocky Mountain 
states had been known for years, but the mining of low-grade ores in 
regions so remote fiom markets had to await the building of railroads 
With the opening of the West, particularly after 1880, expansion of 
mining was rapid Butte, Montana, soon became the greatest copper 
producci of the United States and of the world 

Later, vast deposits of copper ore were discovered m Arizona, and, 
by 1910, the desert about Bisbee, Globe, and Jerome was an area of 
feverish activity, witnessing the development of one of the greatest 
industrial programs ever undertaken in such an and land The towns 
of this region are practically dependent on the output of this red metal 
When the demand foi copper is large and the price high, prosperity 
is felt by all, when the copper industry is depressed these cities are 
most affected, and many of the laborers go elsewhere for work As 
soon as the copper has been mined out, the industry will cease and the 
towns will be deserted— mute evidence of the impermanency of ceitain 
types of mineral exploitation 

During recent years deposits of copper ore have been developed 
in the desert of Utah and Nevada These ores are of low grade but 
the deposits are enormous, representing at present the largest known 
reserves of the Republic, and are easily mined (Fig 269) 0 

The importance of Arizona, Montana, and Utah as copper producers 
is indicated by the fact that from January 1, 1935, to January 1, 1946, 
these three states were responsible for more than two-thirds of this 
nation’s output of the red metal. The totals for each state, 1941— 
1945, were as follows’ Arizona, 33.48 per cent, Montana, 20 26 per 
cent, and Utah, 19 93 per cent. 

Foreign Copper Production 

South. America. The Pacific coastal area of South America contains 
some of the richest and most extensive copper deposits of the world 

4 A. B Parsons, “Utah Copper— Biggest Excavation," Mtmng and Metallurgy, 
February 1947, p 47 
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Some of these mines have been worked by the Indians and Spaniards 
foi centuries, and the output of copper fiom this region (Chile and 
Peru) is second only to that of the United States 
In the eaily days, the industry depended upon small, shallow veins 
of high-giade carbonate and oxide deposits (ores easily smelted) that 



Fig 269 The world’s largest open-cut copper mine, Bingham, Utah (Courtesy 
Union Pacific Railway Co ) 


were situated close to the coast, 01 upon the small but rich veins that 
were found within the Chuquicamata deposit The ores were smelted 
m small, inefficient, charcoal furnaces, the product was necessarily 
expensive, and the output small. 

During recent decades, these rich but small and unreliable deposits 
have been exhausted or greatly depleted, and the mining industry has 
been shifted to the large deposits of low-grade ores situated high on 
the Andean slopes Something of the vastness of these ore resources 
had been known for more than a century, but large-scale, economic 
exploitation awaited improvement in the processes of mining and 
smelting, and the development of modern transportation facilities 
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Many problems had to be solved before the large-scale production 
of copper could be put on a paying basis Before copper could be 
produced it was necessaiy to build railroads through the desert, lay 
pipelines to carry potable water to the laborers, erect high-tension 
lines for the transmission of powei to the mines, and build different 
types of metallurgical plants foi the treatment of oxide and sulphide 
ores Moreover, the desert conditions made it necessary to import 
laborers, to build homes for them, and to make provision for their 
food and other necessaries of life Since all the equipment for mine 
development must be impoited and all the product exported, it was 
necessary to provide port facilities to handle these pioducts Thus a 
tremendous outlay of capital and labor was required before a ton of 
ore was mined The fact is illustrated by the Patillos mines, it lequired 
approximately $80,000,000 and more than ten years of constructive 
effort to place the property in a position to produce revenue 
Pnoi to 1915, the output of copper had grown slowly but steadily 
The way, however, had been paved for rapid expansion to meet any 
sudden increase in demand With the outbreak of war, the industry 
suddenly leaped into vigorous activity, and within twelve years the 
output of copper had increased approximately 400 per cent 
The reserves are enormous 8 Those of Chuquicamata distuct alone 
are estimated at 700,000,000 tons of ore aveiaging 2 12 per cent cop- 
per— the largest known reserves of the world The Teniento mines, 
40 miles from Rancagua, have known reserves of 176,000,000 tons of 
2 45 per cent copper and large reserves of lower-grade ore 
African Output Increasing Rapidly. Africa has recently become 
an important source of copper At the beginning of the present cen- 
tury, phenomenally rich Ores were discovered in Katanga, situated in 
the heart of Africa A little later, other deposits were discovered m 
, Belgian Congo and m northern Rhodesia Some of the surface ores 
contained 30 per cent copper and were easily mined by means of the 
steam shovel Vast quantities of 7 per cent copper ore have been 
proved. Because of the isolation of the area, development was slow 
and the first mining operations were not started until 1911. During 
the five-year period, 1941-1945, the production of central Africa 
averaged approximately 400,000 tons annually, giving the area third 
place among the copper-producing regions of the world 7 

•William J. Waylett, “Chilex Mine Model Revised,” Mtntng and Metallurgy , 
January 1948, pp. 19-21. 

T Minerals Yembook, U S Department of the Interior, 1945, p 145 
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The chief obstacle to rapid expansion of operation in central Africa 
is inadequate transportation facilities The major copper mines are 
situated in a wooded plateau in the heart of savage Africa, thousands 
of feet higher than the place wheie the Congo becomes navigable. 
The mam railroad reaches the sea at Beira, on the east coast This 
single-track line is 1,<500 miles long, and its limited capacity was 
quickly ovei taxed A shoitei and more diiect laihvay has now been 
constructed to Benguela, on the west coast This railway traveises 
250 miles of territory in which there aie more than 100 oie deposits 
that have hitherto been remote from modern transportation facilities 
The road, which is 750 kilometers shorter than the Beira route, opens 
up large resources, reduces the cost of importing machinery and 
exporting the mineral products, and puts the district in position for 
rapid expansion when the demand for copper increases 

This copper-mining industry of the Belgian Congo is bringing about 
industrial development in the heart of Africa undreamed of by the 
natives of a few generations ago It also offers opportunity to thou- 
sands of natives to secure the products of civilization m ever-increasing 
quantities In 1937, the mines were employing 40,000 workers, and it 
was estimated that the mines and metallurgical industries would soon 
require 80,000 men, or 3 per cent of the adult males of the country 

Spain Although the western hemisphere and Africa are now the 
major sources of copper, with an output m 1928 of approximately 90 
per cent of the world’s total, the dominant position was held by Spain 
and Portugal for such a long period that the Iberian Peninsula will 
always deserve honoiable mention in any treatise on copper. The 
copper district of southwestern Spam, which also extends into Portu- 
gal, has been an important source of the world’s supply since Phoeni- 
cian times, and was the most important source during much of the 
Bronze Age. It still contains one of the woild’s largest deposits, and, 
in spite of the fact that it has been productive for perhaps 3,000 years, 
the present rate of output can be maintained for many years to come. 
The ore is pyntic and valuable as a source of sulphur as well as of 
copper. Some of the ore is smelted locally, some is leached of part 
of its copper content and shipped as sulphur ore, and pyrite contain- 
ing copper is exported 

The Soviet Union. During recent years (1923-1942) the U.S.S.R. 
has increased its copper output with remarkable rapidity. In 1923, 
the production approximated 3,000 tons, whereas in 1942 the output 
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was estimated at 160,000 tons, 8 and at present Soviet Russia probably 
stands fifth among the nations of the woild in this respect Copper 
ores are widespread m Russia but some of the largest reserves are 
located m the southern Ural Mountains and m the Caucasus Moun- 
tains (Fig 247) According to official Soviet estimates, the Soviet 
Union contains 17 million tons of copper oi about one-sixth of the 
world’s lesources Because of these vast copper lesouices of Soviet 
Russia, and the rapid industrial development that is taking place within 
the country, the output of coppei may be expected to increase very 
rapidly 

Marketing Copper 

Copper ore exists m such large quantities and m such widely scat- 
tered areas that the resources cannot be monopolized Likewise, the 
mining industry has been developed by many companies— some high- 
cost produceis, other low-cost pioducers— so that the price fixing is 
a difficult task Therefore, copper is sold in a highly competitive 
market, and the price is normally governed by uncontrolled supply 
and demand All attempts to maintain an artificial price level have 
failed, and sometimes such attempts have reacted on the producers 
with such violence that many companies have been compelled to sus- 
pend mining operations. 

The basic reason for this situation is not difficult to understand 
When the price of copper is high the low-grade ores may be mined 
with profit and, at times, even under inefficient mining conditions. As 
a result, mines are opened that normally could not be operated with 
profit, and all low-cost producers are worked at capacity in orders to 
secure the full benefits of the high-priced metal This increase in min- 
ing activity results in oveipioduction, stocks of copper mount, and, 
in an attempt to dispose of the surplus, prices fall until the high-cost 
producers are compelled to suspend operation Output then decreases 
and the stocks of copper dwindle to such an extent that any unlooked- 
for mcrease in demand lesults in an acute copper shortage. Then the 
prices soar again until the high-cost producers are once more operatmg 
at full capacity, and the cycle is started all over again. 

An organization known as the Secretan Syndicate tried to maintain 
copper prices years ago by withholding copper from the market The 
supply simply mounted, buyers held off, and the syndicate exploded 
with an accompanying downfall in the price as the accumulated cop- 

8 Minerals Yearbook, U, S Department of the Interior, 1945, p 145 
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per was dumped on the market Early in 1907, another attempt to 
hold up the price of copper ended disastrously, and again m 1920 
those who tiled to bolster up the price, contraiy to the law of supply 
and demand, found the task an impossible one The experience of 
1929 is still fresh in our memory For months the majority of pro- 
ducers refused to quote copper below 20 cents a pound, despite the 
fact that huge stocks had been accumulated and the demand was poor 
Of course, a few low-cost producers cut under the maintained price 
level just enough to market their current production Their num- 
bers gradually increased, and soon the prices crashed down to 6 cents 
or less, the lowest price in history. 

Between 1929 and 1939 further attempts were made to regulate the 
price of copper by artificial means One of the latest was made m 
May 1937 in London Discussions were opened there m an attempt 
to restnct production But it was not until Octobei of that year that 
an agreement was finally reached This agreement was to have expired 
June 1938, but new agieements were reached to curtail output for an 
indefinite period Obviously the difficulty is found m the fact that 
the productive capacity of the mines far exceeds the consumption 
lequirements of the world in normal times 

In 1932, a tariff of 4 cents a pound was placed on imported copper 
This tariff resulted fiom the fact that large quantities of foreign cop- 
per were being imported at prices below the cost of production at 
home This tariff is defended largely on the theory that it is advisable 
to protect home industry and to piovide work for American laborers 
even though this protection results in increasing the puce of copper 
to the ultimate consumer 

In 1947 and 1948, the price of coppei once more soared to more 
than 21 cents a pound, and American manufacturers found it difficult 
to supply their needs even at such a price Consequently, the 4-cent 
tariff on copper was removed This action will encourage copper 
mining in many parts of the world, overproduction will almost cer- 
tainly result, and prices will again decline to the point where the 
high-cost producer will be compelled to suspend operations 

LEAD AND ITS MANIFOLD USES 

Uses of Lead. Lead is exceeded in quantity of production by iron 
and copper, but m diversity of usefulness and application it is exceeded 
by only one metal— iron As a metal, an alloying agent, an ingredient 
of manufactured goods, and an agent in industrial operations, the range 
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of lead’s usefulness is almost as wide as the field of industry itself It 
is present m the home in paint, plumbing materials, glassware, and 
musical instruments, in the office it is used in typewriters and calculat- 
ing machines, in transportation large quantities are required in the 
manufacture of automobiles, airplanes, and locomotives It is valuable 
m the building trade, communication by wire, the printing industry, 
the sportsman’s rifle, and the chemical laboratory 
Ever since the introduction of firearms, lead has supplied the mate- 
rials for shot and bullets But with the progress of science and the 
development of industiy, the principal use of lead is no longer for the 
destruction of life and property, but lathei to add to the fullness 
of life and to give protection to property Although the modern 
manufacturer of munitions still uses large quantities of lead, amounting 
in 1938 to 31,000 tons in the United States alone, other industries use 
more than seventeen times as much 
Since 1880, the demand for lead m the manufacture of electrical 
equipment, primarily battenes and cable covering, has expanded so 
rapidly that, during the years 1929 to 1945, 300,000 tons were required 
annually for these pmposes— approximately ten times as much as was 
needed to supply the munition plants of our country 
Lead is also one of the most important products used m the manu- 
facture of paints It may be easily worked with oil, it mixes readily 
with other pigments to form any color desired, and it can be uni- 
formly spread ovei a surface, giving complete protection against 
weathering 

Lead is resistant to the action of sulphuric acid and is, therefore, 
suitable foi lining tanks and other apparatus for the manufacture and 
transportation of this widely and extensively used chemical 
Lead is soft, pliable, ductile, and blends readily with other metals 
These properties make it valuable for the manufacture of lead foil, 
bearing metal, solder, pewter, type-metal, castings, and for a score of 
pioducts used m the building trade. 

Consumption of Lead The consumption of lead in the United 
States is centered principally in the industrial area of the Northeast, 
where the major industrial development has been concentrated. The 
area would be included by a line drawn around St Louis, Louisville, 
Cincinnati, Baltimore, Philadelphia, New York, Boston, Detroit, and 
Chicago The industrial section of northwest Europe is the second 
largest consuming center, but the per capita consumption is much less 
than in America. 
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Part of the overwhelming predominance of the United. States as a 
consumer is due (1) to the large domestic use m paints, a use that is 
strictly prohibited by law in many foreign countries, 0 and (2) to the 
supremacy of the electrical and automotive industry in America 

American Markets. The two major markets for lead are New York 
and St. Louis Through the St Louis gateway, most of the Missouri 
and Oklahoma pioduct reaches the eastern market Through the New 
York gateway, lead enters from the west coast and foieign countries 
by water Most of it is mined in Idaho, Utah, and Colorado, and goes 
via die Pacific coast ports and Panama Canal to the eastern market 
At times a large tonnage of lead enteis New York from Spam, Mexico, 
and other foieign countries 

St Louis is close to the lead mines, and normally the price of the 
metal m this western market is $2 to $5 a ton below the New York 
price At times, however, in spite of the tariff on imports, foreign 
lead is sold in New Yoik m sufficient quantities to depress the eastern 
market price and for brief periods may bring the New York price 
below that of St, Louis 


Lead Production of World in Tons 



1934-1938 

1941-1945 

United States (refined) 

398,000 

450,000 

Australia 

217,000 

186,000 

Mexico 

197,000 

188,000 

Canada 

163,000 

181,000 

Germany and Austria 

151,000 

157,000 

Belgium 

77,000 

9,800 

Burma 

75,000 


Spain 

49,000 

36,000 

USSR 

47,000 

112,000* 

Italy 

40,000 


Tunisia 

24,000 


Poland 

16,000 


Peru 

12,000 

42,000 

All other countries 

37,000 



* 1942 and 1943 only, 

Production of Lead. The increase in the output of lead during the 
last century was even more phenomenal than that of copper In 1825, 
the total production of lead m the United States was only 1,500 tons, 
whereas, during the years 1925 to 1929, the average annual production 

* Walter H Voskrnl, Minerals m Modem Industry, John Wiley & Sons, 1930, 
p. 242 
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was 664,000 tons fiom domestic ores, and the American consumption 
during that same period was approximately 900,000 tons or almost one- 
half of the total for the world Dunng recent years lead pioduction 
has sharply declined, partly as a result of the fact that some of our 
best lead mines are being depleted During 1945, the mine production 
of lead in the United States was only 390,000 tons, while our con- 
sumption was 637,000 tons Foi more than two decades our domestic 
consumption has exceeded domestic production, and we have been 
compelled to draw a considerable part of our supplies from Canada, 
Mexico, Australia and other foreign sources (see the table on page 
701) 

Losses of Lead. The losses of lead are unfortunately high m pro- 
duction and through consumption The losses in mining have been 
estimated at 15 per cent, even with the best mining practices for 
exploiting this metal Moreovei, only the high-grade ores are mined, 
and the low-giade oies may be left m such condition as to prohibit 
their future lecovery Milling and smelting losses are high also, rang- 
ing from 5 per cent up to thiee times that amount with difficult ores 
and poor practices Finally, the bulk of the lead goes into paints and 
other uses where recovery is impossible or unprofitable Unfoitu- 
nately the world resouices aie not known to be laige and there is 
danger of a lead shortage m the next few decades 10 

ZINC 

Zinc production within the United States is largely a development 
of the last century Theie was a small commercial production as 
early as 1860, but the industry did not make much progress until the 
late 1880’s Since 1925 the domestic pioduction has usually ranged 
between 600,000 and 800,000 tons, and world production in pros- 
perous years has surpassed 1,600,000 tons 

Zinc is used primardy for the galvanizing of iron and steel— a 
process which protects these products from decomposition when ex- 
posed to the weather The galvanizing industry utilizes 30 to 50 per 
cent of the total zinc output 

Brass making provides the second largest use of zinc, accounting 
for approximately 30 per cent of the total Amenean consumption 
during the period 1934 to 1946. Brass is an important industrial 

14 A B. Parsons, “Metals and Minerals Has the World Enough,” Minmg and 
Metallurgy, April 1945, pp 195-19(5 
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material From it are made worm wheels, gears, propellers, bearings, 
steam fittings, tubings, non-coirosive castings, valves and valve stems, 
automobile parts, and scores of other products of the metal industries 
Rolled Zinc Zinc, resistant to acids and rust, is used m the manu- 
facture of batteiy cans, glass jar tops, photoengraving sheets, boiler 
plates, and brake linings. 


WORLD PRODUCTION OF 
ZINC 


THOUSAND TONS 
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Fig. 270. In 1940, Russia was reported to have produced 85,000 tons of zinc 
( Minerals Yearbook, U S Department of the Interior, 1945, p 195 ) 



Zinc Dust. Commercial production of zme dust in the United 
States began about 1910, and the output approximates 10,000 tons a 
year. In Europe the production of zinc dust is normally much larger 
than in this country. Originally, zinc dust served chiefly for the 
manufacture of a gray paint for protecting iron against rust More 
recently, it has been used almost exclusively for plant painting m the 
industrial districts of France, Belgium, and western Germany. It is 
also used extensively in marine paints both here and abroad. Just 
pnor to World War II, an entirely different use was discovered for 
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zinc dust The United States Navy found that it makes a most effec- 
tive smoke screen 

World Production of Zinc The United States now leads all other 
countnes m zinc production, western and central Europe and Canada 
producing most of the lemaindei (Fig 270) In this countiy 40 to SO 
per cent of the total output is produced in the tristate area— a small 
area situated within fifty miles of the point wheie Missouri, Kansas, 
and Oklahoma come togethei Oklahoma leads the states with approx- 
imately one-fourth of the total output 

Any estimate of 2inc reserves are at best unreliable. In most of the 
mining legions, the known supply is sufficient to last a few decades 
at most, and the prospective output of known resources will piobably 
fall short of future needs 11 


ALUMINUM 

Aluminum is the most abundant of the metallic elements of the 
earth’s ciust, but unfortunately there aie relatively few places where 
it exists in a form that permits of easy and cheap extraction by present 
methods The commercial product is obtained from bauxite, a 
weathered rock of high aluminum content. Scoies of commercial 
deposits are being exploited, but eight nations are responsible for most 
of the world’s output since the mines of Italy, formerly a large pro- 
ducer, have been almost idle most of the time since the close of World 
War II (Fig 271) Important bauxite deposits, as yet undeveloped, 
have been discovered in other countries and the resources of known 
deposits are sufficient to last many decades 

The largest reserves of bauxite found within the United States are 
located in Arkansas which produced 6,036,000 tons of crude ore in 
1943, when the demand for aluminum for the manufacture of air- 
planes was at its height, By 1945, production had decreased to less 
than 1,200,000 tons Georgia, Alabama, and Virginia produced 196,- 
393 tons in 1943, but the output dropped to 70,000 tons m 1945. How- 
ever peacetime needs of aluminum are growing rapidly as new uses 
for the metal are discovered 

Prior to World War II, more bauxite was nnported into the United 
States than was produced locally. However, during the war, when 
shipping space was at a premium, the United States produced moie 

11 A B, Parsons, “Metals and Minerals* Has the World Enough," Mining and 
Metallurgy, April 1941, p 195 
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than 75 per cent of its domestic lequirements Most of the remainder 
came from British Guiana and Surinam, 

In Europe the known deposits of fan: to high-grade bauxite are so 
widespread that no country need transport this product long distances 
unless shipping conditions make the long haul inexpensive Likewise 
Asiatic countries and Australia either possess large supplies of bauxite 
or have easy access to them 



Fig. 271. The aluminum industry is relatively young Aluminum is used m the 
manufacture of hundreds of products, but the manufacture of airplanes required 
many thousand tons of aluminum during World War II. During the eight-year 
period, 1937-1945, the bauxite requirements increased more than 100 per cent 

Properties of Aluminum. Aluminum has numerous properties 
which make it desirable for a wide variety of commercial purposes. 
It is a light metal having only one-third of the specific weight of iron 
It is resistant to corrosion, is malleable and ductile, is a fairly good 
conductor of electricity, and has high thermal conductivity. For its 
weight, aluminum has high tensile strength and is of special value 
where both lightness and strength are desired Compared with iron 
and steel, it is still expensive. 

Uses of Aluminum. Aluminum for commercial purposes is a prod- 
uct of the last half century More than one hundred years ago, 1851, 
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the first metallic aluminum was produced by the ingenious application 
of chemistry. This metal, however, was almost priceless, and another 
60 years of labor weie lequired befoie a cheap and convenient method 
of producing it was discovered The reduction m the price of alumi- 
num from a value of $204 a pound in 1854, when it was worth almost 
its weight m gold, to less than 20 cents a pound in less than a century 
is “magic money ” 

One of the earliest uses of aluminum in Amenca was for the manu- 
facture of a cast, weighing 100 ounces, to cap the Washington monu- 
ment It has been subject to weathering since 1884 and is still capable 
of reflecting sunlight from its exposed surface 

For several decades the laigest commercial use of aluminum was 
for the manufacture of kitchen utensils The lightness, pleasing 
appearance, durability, and high thermal conductivity of aluminum, 
and the harmless nature of any chemical reaction of the container in 
cooking the food, were all factors which favored aluminum for 
kitchenware and resulted in a rapid expansion of this maiket 

About 1912 a new eia dawned foi this light metal The application 
of modern research methods to the study of aluminum alloys showed 
many new possibilities As a result of World War I there was an 
insistent demand for strong, light alloys, and their development pro- 
ceeded rapidly. Aluminum or its alloys now enter into the manufac- 
ture of airplanes, furniture, automobiles, railroad and stieet cars, opti- 
cal goods, scientific instruments, camp equipment, and paint 

Recently the demand for aluminum abrasives, aluminum salts, alu- 
minum cement, aluminum shingles, and corrugated sheets for roofing 
and siding has opened new and expanding markets for bauxite, and 
the production increased more than tenfold between 1919 and 1943 
The peak of the World War II demand for this light but strong 
metal was reached in 1943 Except for tempoiary setbacks, the 
demand for aluminum will probably increase There is now a strong 
tendency to substitute aluminum for steel m an increasing number of 
industries Because of its great strength and lightness, aluminum is 
now replacing steel in the manufacture of bulkheads for dams Many 
thousand aluminum cables (steel reinforced) are in use in the United 
States and Canada alone Airplanes, passenger cars, dining cars, engine 
cables, tank cars, lifeboats, trucks, and trailers are being made wholly 
or in part of aluminum and of aluminum alloys Among the new 
uses, according to the Aluminum Company of America, perhaps the 
aluminum roofing sheets have the greatest possibilities for immediate 
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expansion. Maritime construction companies are using additional 
quantities of aluminum in ships 

Aluminum Manufacture Cheap power is an absolute essential for 
the concentration and the smelting of aluminum ore on a commercial 
scale. The bauxite which contains 30 to 60 per cent aluminum, there- 
fore, moves to centers where cheap power is available 
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Fig 272 No other major mineral industry has had such a phenomenal growth 
during recent years as aluminum The aluminum industry is still expanding 
rapidly in several parts of the world In 1947 the United States produced ap- 
proximately 600,000 tons. ( Minerals Yearbook, U S Department of die Intenor, 
1938, p 647, and 1946, p 697 ) 


The major aluminum factories of the world are situated near cheap 
and abundant power resources Most of the American aluminum 
industries are located close to the Appalachian coal fields, or near the 
cheap and abundant water powei resources of Niagara Falls, of the 
southern Appalachian region, or of northwestern United States Re- 
cently the cheap power of the Saguenay River has attracted to itself 
one of the largest aluminum plants in the world The Saguenay Rivei 
Basin collects enough water to produce 2,000,000 horsepower of elec- 
trical energy the year round and has an installed power capacity of 
2,050,000 horsepower. The aluminum works at Arvida, Quebec, has 
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a capacity of 80,000 tons of aluminum pig annually, and its total out- 
put was needed dunng World War II 11 

Since the late 1930’s the aluminum industry has been growing rap- 
idly in many paits of the world Prior to Woild War II, Germany 
had built up her aluminum industry to the point where she led all the 
nations of the world in the output of this light, stiong metal that is 
so useful m times of wai Today the United States and Canada are 
the leaders in production and in peacetime uses (Fig. 272). 

TIN 

Tin, one of the rarest and most indispensable of the base metals, 
was among the first used by man Prehistoric lemains reveal great 
quantities of tools, implements, weapons, and ornaments made from 
bronze, an alloy of copper and tin. Its chief application at present is 
as a coating for other metals, but its other uses are multitudinous “It 
accompanies man in every walk of life, literally from the cradle to the 
grave— from the time his childish hands receive their first baby rattle 
until his virtues aie immortalized in mipenshablc bronze It is a neces- 
sary mgiedient of solder, and is a component of babbitt and most 
other anti-friction metals, without which manufacture and transporta- 
tion would be impossible As foil, it wraps alike the workingman’s 
tobacco and the school girl’s confections It accounts foi the rustle 
and luster of silk so dear to the feminine heart, while the tin dinner 
pail has a place in politics and is celebrated in song and story With- 
out the humble tin can the world could no longer be properly fed ” 18 
No complete substitute has ever been found for tin In most manu- 
factured arncles only a small percentage is tin, about 2 per cent in tin 
plate, so that its price has very little influence on total costs 

At present the most essential use of tin is for the manufacture of 
containers, making possible the utilization of food pioducts out of 
season and in places remote from the centers of production The rapid 
growth of the canning industry has called foi an ever-increasing ton- 
nage of tin, which has been met by a gradual increase in world pro- 
duction The rapid expansion and improvement of transportation, 
especially by automobile, has increased the demand for babbitt-bearing 

12 W. M Goodwin, “Low-Cost Power on the Saguenay,” Compressed Air 
Magazine, December 1946, pp. 326-329 

12 Reprinted by permission from Spurr and Wormser’s Marketing of Metals 
and Minerals, McGraw-Hill Book Co , 192S, pp 181-182 
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metals. These industries together with the manufactuie of solder, 
brass, and bronze account for the major uses of tin 

World Production of Tin 

For centuries the woild obtained most of its tin from Cornwall, 
England But the supply of England was depleted just vhen the 
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Fig 273 The world production of tan for 1941—1945 dearly shows the influence 
of World War II on tan mining In countries situated within the war zones, 
production decreased notably, in most other countries output increased 


demand was increasing. Consequently, this semi-precious metal was 
sought elsewhere, and the Cornish miners have spread the knowledge 
of the best tin-mining practices to many parts of the world. 

Fortunately, rather abundant deposits of tin have been discovered 
as rapidly as needed In 1938, the total production of tin was 147,000 
tons. The chief source of supply, 45 per cent of the total, was pro- 
duced in the Straits Settlements and the two neighboring islands of 
the Netherlands East Indies, Banka and Behtong. Bolivia is the only 
other region with a large known reserve and large production (Fig 
273), 

Malaya and the Netherlands East Indies. Chinese records show 
that tin was mined m Malaya as early as the fifteenth century. Later 
the faction fight among the various clans of Chinese led to British 
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mterfeience and eventually to British administration of the peninsular 
tin mines 

Nearly all the tin mined m Malaya and the Netherlands East Indies 
is alluvial tin. The richest deposits are found m the valleys of western 
Malflya. Since the tin is heavier than the gravel it is usually found 
concentrated in the deeper layers of the alluvial deposits. Usually a 
thick useless overburden of sand and gravel has to be removed before 
the tm-beaiing giavel is uncoveied The heavy tin can be removed 
then by washing Consideiable quantities of tin are still won by the 
age-old method of panning Most of the woik of this kind is done 
by women The major part of the tm, however, is obtained by wash- 
ing in concentrating sluices or by dredge In dredging, “a pit is exca- 
vated m which the dredge will float, it then eats away the rich ground 
in front of it, sorts out the tm and dumps the waste behind.” 14 The 
ground which has been worked over in this way is smtable for agri- 
culture 

Woild War II together with the postwar disturbances has practi- 
cally stopped the tin-mining industry of Malaya and the Netherlands 
East Indies During 1945, less than 3,000 tons were mined m these 
areas which were formerly the most productive in the world Since 
the mining is mostly done in alluvium silt, sand, and gravel, the war 
did not lesult in any lasting injury to the mines, and after the Japanese 
surrendered, even the dredges and smelters were found to be m fair 
condition Sooner or later these regions will once again be listed 
among the most impoitant tin-mining regions of the world. 

Bolivia. Bolivia now ranks first among the countries of the world 
m the output of tan And yet, perhaps, no other important mining 
region in the world suffers from more colossal handicaps than those 
which nature has thrown about the tm mines of Bolivia. Most of the 
mines are situated at elevations of 14,000 to 19,000 feet, and the higher 
ones are not far from the zone of perpetual snow. The inadequate 
supply of oxygen renders the European incapable of hard and sus- 
tained effort, and the native, accustomed to the rare atmosphere, is 
inefficient Moreover, these cold, bleak lands support no forests and 
contain no coal or oil Fuel is accordingly scarce, and the cost of 
importing it is almost prohibitive. The mines are difficult of access, 
until a few decades ago almost all food, fuel, and materials of con- 
struction were brought in on the backs of llamas, and the tin ore or 
concentrates were exported by the same method 

14 tor further information concerning tin mining in the Malay States see 
Minins m Malaya, Malay States Information Agency, London, 1924 
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Some of the mines now have railroad connection with the outside 
world, but many of the mineralized areas lie at considerable distances 
from railways and must still depend upon pack trains of mules, burros, 
and llamas for the impoitation of machinery and other equipment for 
the mines and for the exportation of tin ore. Even those mines sit- 
uated near railways are handicapped by excessively high freight rates 
This condition is unavoidable because of the tremendous cost of con- 
structing, maintaining, and operating trans-Andean railroads, which m 
places have frightfully steep gradients and which reach unparalleled 
heights for lailway construction In addition to the foregoing handi- 
caps, the tm-mining industry presents difficult problems of ore pro- 
duction and concentration 

In contrast to the alluvial deposits of Malaya, the Bolivian tin is 
found m lodes or mineral veins These veins vary in thickness from a 
few inches to 10, 15, or 20 feet The richer ores carry 6, 8, or even 
15 per cent tin Although the Bolivian ores are richer than the placers 
of Malaya, they are also more difficult and expensive to mine More- 
over, the ores must be mechanically concentrated, often by the cheap 
labor of women and children, before they are shipped to the tin 
smelters 

The high cost of fuel, power, and imported machinery prevents the 
smelting and refining in Bolivia Most of the concentrates, therefore, 
move to the British Isles for smelting, but some of them are shipped 
to the smelters at Perth Amboy, New Jersey. 

In spite of the many handicaps faced by the mining companies of 
Bolivia, the development of tin ores has become the dominant eco- 
nomic activity of the republic Tin not only supplies 75 to 90 per cent 
of the exports, but also serves as “trade key to the quantity and quality 
of imports ” Most of the machinery entering Bolivia goes for mining 
or closely related purposes, and a large part of the textile and food 
imports is consumed in the mining centers. 

The known reserves are sufficient to last for half a century, and 
since the region has been but poorly prospected it is not unlikely that 
new reserves will be added by discoveries 

China The Chinese production of t.n is relatively small, and yet, 
from the standpoint of value, tin is the most important metal produced 
in China Eighty per cent of die tin comes from the Kotchin district 
near Mingtze, Yunnan. Although the supply comes from lodes in 
limestone, the veins have been deeply oxidized, and in early tames the 
mining was conducted in the same manner as though the ores were 
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placei. Later, lode mining was developed, and at present these lodes 
supply most of the tin output of the countiy 

Until recently, lode mining was in a backward state of develop- 
ment, and little machinery was used Consequently, the amount of 
human effort required to pioduce a few tons of tin each day would 
be considered appalling in Amenca For years the ore has been carried 
from mines on the backs of men Long lines of laboreis, heavily laden 
with ore, trudge up the steep slopes of the mine shaft, which m some 
places rise a vertical distance of 1,000 to 1,500 feet. Recently, vertical 
shafts, equipped with hoisting machinery, have superseded the slope 
m some of the deeper mines 

Recent studies have indicated that the mineralized area of Yunnan 
is large and the veins well defined, consequently it is expected that the 
production from this region will mciease 15 

Nigeria. For many years the natives of Nigeria have been obtain- 
ing tin of excellent quality by panning the gravel of the river beds. 
But, because of the resistance of the natives, it was not until 1902 
that it became piofitable for Europeans to prospect for tin For al- 
most another decade the country was in an extremely unsettled condi- 
tion, and until 1909 the British had to maintain garrisons to protect 
life and property Nevertheless, the production of tin has steadily 
increased until the output is now approximately 12,000 tons 

Future of Tin 

Tin seems to be a very scarce metal. The original deposits of tm in 
hard rock are commonly of very low grade, and it is only the occur- 
rence of placer or stieam deposits of tin ore which have kept the price 
of tin within its past range At present there are no deposits of tin 
m sight which give promise of affording largely increased tan supplies 
at reasonable prices. 10 

Since 1914 the annual production and price of tm have fluctuated 
violently The tin industry, like that of petroleum, often suffers from 
overproduction, and there is danger that the resources will be seriously 
depleted in the near future Any greatly enlarged demand would 
undoubtedly create an acute tin famine This danger has gradually 
stimulated research in an effort to find suitable substitutes for the 
metal. The National Canners’ Association has been experimenting 

16 Mineral Resources of the United States, U, S Geological Survey, 1927, 
p. 149 

18 E. C Eckel, “Coal, Iron, and War,” Henry Holt & Co , 1920, p 171 
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with the “tinless can,” consisting of sheet steel coated with various 
lacquers that are resistant to fruit and vegetable acids, the Bell Tele- 
phone Company has been gradually substituting antimony for tin in 
lead cable sheetings, nickel is bemg substituted for tin in brass and 
bronze, and roller bearings for railway cars and heavy mechanical 
equipment may be considered a substitute for babbitt and other bear- 
ing metals. 17 

MANGANESE 

Little manganese is mined in the United States in spite of the fact 
that the industry is favored by a high protective tariff. In 194S, the 
domestic output of manganese amounted to only 212,000 tons (metal 
content) compared with 633,000 tons imported 18 This country has 
large deposits of low-grade ores, located mostly in Montana and New 
Mexico, which as yet cannot be developed except at a high cost per 
ton of metal 

Manganese is indispensable to the manufacture of steel Inasmuch 
as steel is basic to industry and to mechanized warfare, any shortage 
of this valuable mineral would cripple industry and handicap our de- 
fense organizations The dangers resulting from a shortage were well 
illustrated during World War I In 1914, the domestic price of 
manganese ore was $14 a ton. By 1918, owing to increasing demand 
for the metal and to a shortage of transportation facilities, the price 
rose to $68 JO a ton In the early 1940's, when similar conditions 
prevailed, the price exceeded $70 a ton. 

There is no need to run the risk of having this situation arise again. 
Since manganese is non-penshable, a supply should be imported and 
stored to be resorted to only in emergencies 

The largest and best-known deposits of manganese ore are situated 
in Brazil, the Gold Coast of Africa, the Soviet Union, India, Egypt, 
the Union of South Africa, and Cuba None of these countries needs 
large quantities of manganese and consequently they are all glad of 
the opportunity to sell the ore. 

nickel, gold, and silver 

Nickel. The annual world production of nickel rose from 46,000 
tons in 1933 to approximately 143,000 tons in 1945. This phenomenal 

17 Mineral ’Resources of the United States, U S Geological Survey, 1926, pp 
39-40 

18 Minerals Yearbook, U S Department of the Interior, 1945, pp 594-596 
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growth was the result of the increasing importance of the metal both 
in industry and in preparation for war Nickel is used pnmarily as 
an alloy with iron m the manufacture of steel, and as a coating for 
other metals to improve their appearance and to prevent corrosion 
Sixty to seventy-five per cent of the world’s output of this metal is 
now used in the manufacture of nickel-steel, which, because of its 
toughness and strength, is m great demand for the construction of 
battleships After the late 1920’s the demand for nickel-steel in the 
manufacture of armor plate increased rapidly until the close of World 
War II 

The use of nickel-chromium steel is rapidly expanding The largest 
application of this product is found in the manufacture of automo- 
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Fre. 274 Coal has been our most valuable mineral product except occasionally 
when its value has been surpassed by that of petroleum 


biles This industry also demands large quantities of nickel in plating 
metals. A film of chiomium, superimposed upon a film of nickel and 
highly polished, gives a fine silvery effect, superior m this respect to 
sliver alone. 

Canada is the chief source of nickel In 1945, that country produced 
110,000 tons Russia ranked second m production with an estimated 
output of 13,400 tons, while Cuba and New Caledoma produced 10,900 
tons and 4,328 tons, respectively. 

Gold and Silver. We are accustomed to think of gold and silver 
as standards by which other economic products are evaluated These 
metals, however, have many essential industrial uses Yet the com- 
bined value of all the gold and silver annually produced m the world 
is not sufficient, in normal years, to buy the agricultural products of 
Illinois, Indiana, and Ohio, and would not pay for one-half of the 
coal mined annually m the Umted States (Fig 274) 

Gold is one of the few metals that is found at times in such a state 
that it can be mined with great profit by the poor man who has little 
or no financial backing This fact accounts for the lure of the newly 
discovered placer gold fields Thousands of adventurers have entered 
placer gold fields with little or no equipment except pans, shovels, 
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food, or ammunition with which to secure food, and resourcefulness; 
and have quit the “diggings” a few months later as wealthy men. 
Usually, howevei, where thousands succeed, tens of thousands fail 
Yet there are always plenty of men who are willing to take the chance 
when a new placer deposit is discovered 
Unfortunately, most of the great placer gold discoveries have been 
made m regions accessible in the early stages of development only to 
hardy, daring, and resourceful men. Thus the “forty-niner” who 
rushed to the gold field in California had to brave the dangeis of the 
Great American Desert, the dreaded diseases of the Isthmus of Panama, 
or the stormy waters of the Strait of Magellan, as determined by the 
route taken. Those who rushed to the Klondike in. 1897-1898 endured 
many dangers and privations both en route and during the long cold 
winters that followed Many of the placer mines of Australia and 
the Umted States were located in deserts where great hardships had 
to be endured in order to secure the coveted gold 
Perhaps the placer gold field of California afforded the finest oppor- 
tunity ever discovered for development by the hardy pioneer. The 
land belonged to the United States Government, and a claim could 
be staked out by any American citizen The climate was mild, and 
water for panning could be obtained the year round The only 
equipment needed was a pan and shovel 
At present most of the gold and silver output is produced from 
mother-lode ores which require expensive machinery for mining opera- 
tions 

World Production of Gold and Silver in Millions of Ounces for Selected Tears 
(Note that the rapid increase in production started about 1860) 


Years 

Stiver 

Gold 

1493-1520 

4 8 

0 5 

1581-1600 

17 6 

0 5 

1661-1680 

16 3 

0,6 

1761-1780 

22 1 

0,7 

1861-1870 

39 7 

2,1 

1871-1880 

85 2 

6 0 

1881-1890 

100 0 

5 1 

1891-1900 

160 0 

10.1 

1901-1910 

194 2 

21 6 

1911-1920 

242 1 

19 8 

1939-1945 

242 2 

34 1 


The tremendous increase m gold production after 1890 was largely 
a result of the discovery and development of exceedingly rich gold 
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fields m the Union of South Afuca (see the preceding table) Also 
the act of the United States Government in 1933, which raised the 
price of gold from $20.67 to $35 an ounce, has caused the gold- 
mimng industries to boom in many parts of the world Then, too, an 
increasing percentage of the output of precious metals, especially of 
silvei, is produced as a by-product of copper, lead, and zinc ores 
The tremendous developments in the mining of these baser metals 
have naturally caused an increase in the production of precious metals. 

BUILDING MATERIALS 

The character of rural dwellings m all climes is normally determined 
by the materials available, then abundance, and ease of handling In 
countries of advanced civilization, wheie transportation is highly de- 
veloped, the esthetic sense of the people may, it is true, cause the 
bringing of the materials, such as wood, bricks, or stone, from distant 
points for use in dwellings. In less advanced countries, however, espe- 
cially where building materials cannot be brought from the outside 
without great difficulty and expense, it is inevitable that most of the 
building materials must be obtained locally. 10 

In many parts of the world where timber is scarce man has turned 
to the mmeials foi construction materials In fact, man used minerals 
for this purpose long before he used wood. In the early stages of 
man's development he sometimes made his home in natural rock caves 
which he probably altered veiy little Later he improved these caves 
or carved out a home m the face of a cliff 
As time went on he learned to use an evei-increasing number of 
minerals m the building of his home until today the modem dwelling 
may contain scores of mmerals in its construction 
Loess Dwellings. The distinctive characters of the building mate- 
rials available have given rise to types of dwellings of like distinctive- 
ness. Thus the loess deposits of North China, soft and easily ex- 
cavated, have given rise to peculiar artificial loess cave dwellings and 
to the more common constructional buildings whose walls consist of 
loess frequently mixed with rice or millet straw as binder 
The loess cave dwellings consist of a chamber or chambers of arched- 
tunnel form excavated within the mass of any thick accumulation of 
loess. The length is ordinarily about 30 feet, the width 12 feet, and 

19 Myron L Fuller and Frederick G Clapp, ‘Loess afld Rock Dwellings of 
Shensi; China," Geographical Review, Vol 14, p 215. 
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L'ig 275 Cliff dwellings in Shensi and western Honan, carved not in rock but m 
the strange loess formation, which is easily cut and withstands action of rams and 


Fig, 276 Loess cave dwellings of North (phjnaV 
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the height 14 or 15 feet. The width varies with the coherency of the 
loess at the particular locality (Figs. 275 and 276). 

When the loess is wet, there is likelihood of flowage, when dry, it 
crumbles and caves The best time for excavating loess dwellings is, 
therefore, some days or weeks after a penod of lam, when the loess 
is still moist but no longer wet At such times it is easily cut and 
shaped After the completion of the excavation the inner walls are 
suifaced with plaster of loess mud which prevents the loess from 
caving 20 

Clay as a Building Material. Clayey soil, which can be molded, 
and can absorb substances which solidify and harden it when dried 
in the sun oi baked in the fire, is a material which is easily shaped and 
which lends itself to many uses For purposes of construction it is 
commonly used in the form of bricks When combined with steel 
these bricks meet the requirements of quick and easy construction and 
great strength 

The utilization of bricks did not originate m the regions of great 
industrial development where they are most popular today, but in the 
and regions of the Old World The great Chaldean and Assyrian 
palaces, and even those which succeeded them in western Asia and 
Iran up to the time of Alexander, were built almost exclusively of 
clay In regions so and that sun-dned bucks can be used it has always 
maintained its supremacy. , * 

In much of the Nile Valley only the roof and stockade are made of 
thatch, the hut being of earth Many of the Sudanese villages and 
most of the dwellings of Saharan oases are made of sun-dried bucks, 
and some of them are surrounded by mud walls 21 

At present, the greatest brick-manufacturing regions are western 
Em ope and eastern North America, where brick is extensively used 
m the construction both of dwellmgs and of industrial plants. The 
value of the brick and tile output of the United States alone usually 
exceeds a quarter of a billion dollars annually, clay is the most valuable 
mineral used for construction purposes. 

Distribution of Brick-Manufacturing Plants. The low value and 
great bulk of bricks make them relatively expensive to transport 
Since clay suitable for their manufacture is widespread, the industry 
can usually be located near the market Thus, in 1938 every state in 

20 Op ett, pp 21J-226 

21 P. Vidal de la Blache, Principles of Human Geography, Henry Holt & Co , 
1926, pp 238-270 An excellent treatment of building materials 



BUILDING MATERIALS 


719 


the Union had brick kilns in opeiation, and m each of twenty-eight 
states the value of the output exceeded a million dollars The leaders 
in the industry were Ohio, Illinois, and New York, which together 
produced approximately a third of the national output. 



Fig 277 Limestone quarry (Couitesy Indiana Limestone Company > 


Building Stone. The geographical significance of stone consists 
primarily m its usefulness as budding materials. Vidal de la Blache 
in his Principles of Human Geography says 1 

The building stone par excellence is that which can be chiseled, cut m even 
blocks and fitted, thus lending itself to the construction of all the different 
shapes and combinations of Shapes which the skill of the architect can imagine 
or devise Limestone and, to a lesser degree, sandstone have supplied the 
materials for a varied artistic development [Fig 277] A relationship exists 
between stone and edifice Mayan construction cannot be thought of apart 
from the limestone of Yucatan, just as the sandstones hemming in the Valley 
of the Ganges on the south bring up images of the innumerable monuments 
in the cities between Delhi and Benares, or sandstones of the Vosges the 
cathedrals and the casdes of the Rhine Valley. 22 

22 Reprinted by permission from P. Vidal de k Blache’s Principles of Human 
Geography, Henry Holt & Co , 1926, pp 248-249 
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In a smnlai mannei many cities of the British Isles and of countries 
bordering the Mediterranean Sea are closely 1 elated to the building 
stone available near by 

Although maible and granite make good building materials their 
occurrence is less common than that of limestone and sandstone 
Moreover, they are moie expensive to quarry and more difficult to 
shape. But because of the varied colors of maible and the excellent 
finish which it will take it is in great demand for decoiative puiposes 

Cement. Cement has been known since Roman times, but its ex- 
tensive use is a development of the last few decades At present it is 
one of the most valuable construction materials pioduced within the 
United States. It is made primarily from limestone and clay— minerals 
widely distiibuted throughout the United States. It is a pioduct which 
fits nicely into the present machine age. It can be made quickly and 
cheaply by large-scale machineiy, it can be mixed by steam power 
and poured by means of machinery and unskilled laboi Moreover, 
it makes a durable structure and when leinforced by steel it has great 
strength and is suited for the building of bridges, skyscrapers, and 
other structures which must withstand great weight ox strain As a 
result, the growth of the industry has been rapid. 

Cement is now produced m thirty-five states, but during the last 
few years Pennsylvania and California have manufactured more than 
one-fourth of the total output of the nation, while a dozen other states 
have produced more than a million barrels each Since matenals foi 
the manufacture of cement are widely distiibuted, the cement is usually 
produced relatively close to the areas of consumption The greatest 
cement-manufacturing district of the Umted States is the Lehigh 
Valley m eastern Pennsylvania Heie the limestone, shale, and anthra- 
cite coal— the major raw materials for manufacturing cement— are 
found close together, the district is near the greatest urban centeis of 
the Umted States, and the region has excellent transportation facilities, 
both water and rail Moreover, the early start and the good name 
of the product of the region are factors which have aided in the de- 
velopment of the industry 
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Chapter 22 


FUNDAMENTALS OF TRADE AND 
TRANSPORTATION 

TRADE ROUTES AMD TRADE CENTERS 

The Importance of Trade and Transportation Trade and trans- 
portation go hand in hand. Neither one could be developed without 
the other, and taken together they are indispensable to industrial prog- 
ress Without them civilization could never have progressed beyond 
the subsistence stage of primitive peoples 
Primitive peoples first bartered a few products with their neigh- 
bors They lived mainly unto themselves in their respective com- 
munities They grew their own food and feed and manufactured their 
own clothing and implements Even though such commodities could 
be produced moie cheaply elsewhere, the cost of transportation was 
likely to prohibit their impoitation. Then as man’s knowledge of 
other peoples and their products increased and as transportation facili- 
ties were improved, the scope of his trading grew in the volume and 
variety of goods traded and in the distances that the goods for ex- 
change could be economically transported 
Specialization Dependent upon Trade and Transportation Special- 
ization had to await the time when the necessary raw materials could 
be cheaply delivered to the factory and the finished product cheaply 
distributed to the consumers With the growth of cheap and rapid 
transportation a man could give his entire time to the type of work 
wluch he lilted or for which he was best fitted. Also the production 
of each type of goods tended to develop at those centers where con- 
ditions were most propitious. Thus in our own country cotton-grow- 
ing developed in the South; com was grown chiefly in the com belt; 
and the citrus fruit industry was developed in California, Florida, and 
Texas. Similarly each of our major manufacturing industries grew 
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most lapidly in aieas that possessed iiatiu.il advantages foi its de- 
velopment 

Inventions, discoveries, tiansportation facilities, pcison.il dcsucs, 
and othei human oi nun-made factois had their influences on the 
distnbution of pioduction Yet fundamentally tiadc icsts on the 
natuial bases of the uicgular distnbution of natiual rcsouiccs and land 
forms Tiade is also influenced by less peimanent factois such as 
population distnbution, stages of civilization, and man-made highways, 
railways, and tiansportation equipment. Wars, psychology of nations, 
tariffs, and foieign investments also influence tiade, but they aie 
changeable and unceitam factois Howevei, ovei long penods of 
time each industry tends to develop m legions that have natuial ad- 
vantages foi its giowth Thus civilization has developed not only 
personal but also legional specialization. One need only mention 
such places as Pittsburgh, Pennsylvania, Aluon, Ohio, Detioit, Michi- 
gan, Ivorydale, Cincinnati, and New Castle, England, to illustrate both 
personal and regional specialization. 

Trade is a Fundamental of All Economic Progress. Without trade 
theie could be no uiban or industrial development Without trade 
cities could not be fed, clothed, or housed; and factories could not 
Obtain law materials or distubute manufactured goods. Each fairner 
would be compelled to produce his own machinery, build his home, 
manufacture his clothing, and raise all his own food Each huntei 
would be compelled to manufactuie his own weapons and ammuni- 
tion, and each fisheiman would have to make his own nets, lines, 
boats, and other equipment, 

Transportation and TJrban Development. Uiban development 
shows a marked relationship to transportation facilities, as is indicated 
in a study of the laigest cities of the world. Most of these cities not 
only aie favored in their location by access to various parts of the 
land, but also they commonly occupy a marginal position between 
land and sea oi inland wateiways and land routes Thus New Yoik, 
on the eastern seaboard of the United States, is favored by situation 
With respect to the only low break in the eastern highlands giving 
access to the rich interior of our country. The Erie Canal, the Hudson 
River, trunk line lailways, and seaboard location all have played a 
part in the development of the metropolitan area of New York Sim- 
ilarly, London, located on the Thames and in the heart of England 
where railway lines extend to various paits of that country, has be- 
come one of the five greatest entrepdts of the world and the chief 
distributing centei foi the great variety of goods found among the 
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imports of the Batish Isles A study of Paris, Tokyo, Berlin, Chicago, 
Shanghai, Buenos Aires, and most of the other leading uiban centers 
of the woild shows forcibly the influence that favoiable transportation 
has had upon then development (Fig 278) 

A few centuries ago the great majonty of the people lived almost 
entuely upon domestic pioducts To a consideiable extent foreign 
imports weie luxunes, enjoyed by lelatively few people, and did not 
figure prominently in the life of the masses At the picsent time, on 
the other hand, even people with only modeiatc means satisfy then 
varied wants by pui chasing commodities that have come fiom widely 
sepaiated areas. Thus the average laboiei of many lands weais gar- 
ments made fiom raw matenals originating in southern United States, 
Egypt, or India His coffee and tea come from tropical highlands, 
and the mutton and beef which he eats may have been imported from 
1 emote semi-arid lands 

The commercial world has, therefore, bioken over the limited con- 
fines of political units into which it was divided For most of these 
units national economic self-sufficiency and independence are im- 
possible In many ways nations are bound together with visible as 
well as invisible ties, most of which are reflections of the intricate 
fabric of international tiade— the exchange of goods and services of 
one country foi those of another Such exchange performs an in- 
valuable function m the national economy of leading industrial coun- 
tries Thus it is not difficult to visualize what the effect would be 
upon the British textile industry— the greatest mdustiy of that nation— 
if the United Kingdom weie immediately cut off fiom all foreign 
supplies of cotton and wool 

Recent Growth of World Trade. The most marked development 
m world trade has taken place in but little more than a century. As late 
as the year 1810 the value of the combined imports and exports of all 
the leading countries amounted to less than 5 billion dollars 

Foi several years after the close of World Wai II, the United States 
alone had a foreign trade almost foiu times that of the entire world 
m 1910 Instead of the spices and precious stones of India and the raie 
luxunes of China, which filled the tiny holds of early sailing vessels, 
the caigoes of today consist of millions of tons of economic goods ob- 
tained m widely separated regions, and include bulky, low-priced 
commodities as well as those which are high in value and small in bulk. 

Importance of Foreign Trade Although m many countries the 
foreign trade is very small m comparison with the total domestic busi- 
ness, it is, nevertheless, an essential factor in their economic pi ogress 
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Thus although the foreign trade of the United States may be placed 
at 10 pel cent of its total trade, a loss of this 10 per cent would have 
a far-ieaching effect on domestic business In other words, the over- 
whelming nnpoitance of the home market does not necessarily mean 
that the foieign market should be neglected Variations of 5 to 15 
per cent in opciatmg ratios in some lines of business may cover the 
lange fiom reasonable piofits to luinous losses. The percentage of 
our pioducts absoibcd by foieign tiade may indeed be the difference 
between success and failure Reduction in foreign demand may de- 
press prices to a considerable extent, and unforeseen price changes 
may play havoc with profits Moreover, the cumulative buying ca- 
pacity upon which American industry prospers depends in large meas- 
ure upon the profitable sale of products whose prices are determined 
in international markets. Our interest, therefore, in foreign trade and 
m foreign economic conditions exceeds by fai the relative importance 
suggested by the 10 or 15 pei cent which our foreign trade bears to 
oui total tiade 

International trade cannot prosper long unless both the importer and 
the exporter piofit by the exchange of goods These profits need be 
neither continuous noi immediate Thus it may be good business, 
as well as a humanitarian act, to export goods to a region temporarily 
in distress even though the exporter loses money on the immediate 
transaction. Peoples stricken by earthquakes, famines, oi wars may 
become prospeious again and also profitable customers much more 
quickly if they receive outside aid than if they are compelled to de- 
pend wholly on themselves for their rehabilitation. This principle is 
well illustrated in the trade of the United States with Euiope and 
Asia after Woild War II. In 1946 we sent Europe more than 45 
million tons of goods valued at 4,098 million dollars and leceived m 
return less than 2% million tons of goods valued at 79 6 million dollars. 
This ill-balanced trade was carried on at great immediate sacrifice and 
financial loss to the people of the United States Howevei, one of 
the several purposes of this trade was to hasten the rehabilitation of 
Europe and help restore prosperity to that war-torn continent In 
turn, a prosperous Europe can once again build up a trade that will 
be profitable to both the United States and Europe 


trade and national interdependence 

Development of Worldwide Trade. Foreign trade and domestic 
trade are essentially alike Both consist of an exchange of goods and 
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services, and m both there is an exchange of values, In foreign trade, 
however, financial exchanges usually become much more complicated 
than in trade within the boundaries of a country In domestic trade 
the same monetary unit is usually employed by both buyers and 
selleis, wheieas vanous kinds of units aie commonly employed m 
the transactions of foreign trade. In addition, tiade within a single 
countiy is ordinarily quite free fiom the obstruction of differences 
m languages, customs, commercial laws, and taiiff barneis The de- 
velopment of worldwide trade on a large scale had to await improved 
methods of transportation and is mainly a development of the past 
century Such development has practically coincided with the period 
of most rapid exploitation of iron and coal and other basic minerals, 
and it has therefore swelled to tremendous proportions since the 
industrial revolution 

People learned comparatively early that they could best satisfy their 
varied wants by reaching out to distant lands, and by drawing upon 
foreign countries for some of their food, clothing, and luxunes It 
was, indeed, the search for the pioducts of world tiade that ultimately 
brought about the discovery of America, and such trade was a funda- 
mental factor m the maritime development of Portugal, Spam, Hol- 
land, and die British Isles 

Foreign Trade Necessary to a Well-Rounded Economic Develop- 
ment. No one nation possesses all the raw materials necessary foi a 
high standard of living Thus if the United States could not impoit 
such products as manganese, on, quartz crystal, rubber, coffee, tea, 
jute, hemp, and literally scores of other raw materials, our industrial 
development would become disrupted within a few weeks If Eng- 
land’s supply of cotton were cut off, one of her laigest industries 
would be paralyzed immediately. Moreover, as standards of living 
rise in. a nation its dependence on the outside woild increases. The 
subsistence farmer in central Guna is not influenced much by im- 
ported goods, but the ordinary American citizen would find his stand- 
ards of living materially lowered without the use of nnported prod- 
ucts Your telephone contains raw materials from three or four con- 
tinents; your automobile is made of raw materials gathered from many 
parts of the world, and the food on your table piobably comes from 
several widely scattered countries. 

Foreign trade is also important because the demand of the com- 
bined maikets of the world is greater than the demand of the markets 
of a single country Thus foreign demand, because of its worldwide 
distribution, is less likely than domestic demand to be affected at one 
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and the same time by adverse conditions. Foreign trade insures a 
more favorable continuity of demand and a more complete and steady 
utilization of a country’s industrial equipment For example, manu- 
facturers of summer wearing apparel can make such goods for markets 
m the southern hemisphere during oui winters 

International trade has certain advantages in bringing about a better 
social understanding among peoples Trade between two countries 
should and often does lead to a close relationship in other than purely 
economic lines Through the business contacts established there may 
develop a better mutual understanding and an appreciation of the cul- 
ture and civilization of various peoples, and international economic 
relations tend to militate against provincialism 

MODES OP TRANSPORTATION 

Within a large part of the world the modes of transportation have 
been revolutionized during the last century One hundred years ago 
man was still transporting goods in most parts of the world by much 
the same methods that he had been following for thousands of years 
On land, man and animals supplied the motive powei, on water, the 
energy for transport was still supplied by the cuirents, winds, and 
humans Within the brief span of a century the revolution m methods 
of tianspoit has been almost complete within an ever-widening portion 
of the earth. Yet, m spite of these changes, more than half of the 
world’s population still transport a large part of their goods by primi- 
tive methods 

Human and Animal Carriers 

Still Important in Many Parts of the World. There are still hun- 
dreds of millions of people who depend largely upon human energy 
as the major motive power in the local transportation of goods 
Within a Iaige part of China the ever-squeaking wheelbarrow, pushed 
by man or pulled by the donkey, takes the place occupied by the 
fi eight train and motor truck of America Within the vast tropical 
forests where roads are difficult to build and maintain, in parts of the 
uplands of east Africa where the tsetse fly makes animal transportation 
impossible, and m certain highly isolated regions of central Asia, man 
is still the chief carrier. 

In some regions where the environmental conditions are distinctly 
unfavorable for modern methods of land transportation, animals have 
largely replaced man as carriers Thus the North American Eskimos 
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use the dog, and many people living m noithein Eurasia depend mainly 
upon the reindeer to diaw them from place to place ovei vast barien 
tiacts of snow and ice In many and lands the camel, an animal well 
adapted to the desert environment, is the most practicable caniei 
(Fig 279) The hoise is widely used in southwest Asia, especially 
Arabia, central Asia, western Eurasia, and in North America In 
various Andean countries the llama and donkey are used m aieas of 
rugged lehef and in some regions successfully compete with the lail- 
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Fig 279 The approximate weights earned by various means of transport 


ways that have been constructed In Burma and Siam the elephant is 
trained not only to carry passengers and cargo, but also to pile teak 
logs in the monsoon forests. 

Animals are also utilized to diag vehicles and aie thereby capable 
of transporting larger loads than they can carry Thus a horse that 
is capable of carrying 300 pounds can draw a wagon load of more 
than 1 ton over a hard-surface road, and a team of horses can draw 
fiom 8 to 10 tons on a sled over a compacted, snow-covered surface 
An Afucan oi Asiatic porter, capable of carrying from 55 to 66 
pounds, can ordinarily push 2J0 pounds of goods m a wheelbanow, 

Human and Animal Carriers versus Improved Methods of Trans- 
portation. The cost of transportation by primitive methods is nevei 
cheap, as is indicated m a comparative analysis of human tiansport and 
the modern freight train For example, a modern locomotive, hauling 
a train at the rate of 40 miles an hour, can do the work of more than 
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65,000 coolies tianspoiting goods in wheelbarrows By leason of the 
low cost at which lailways transport commodities from place to place, 
they have become the most impoitant earners foi long-distance trans- 
portation by land Eveiy continent, with the exception of Africa, 
has now at least one railway line across it 

Motor vehicles aie competing to an evei-mcieasing extent with the 
lailioads, especially foi rapid, shoit-distance transportation Still 
moie rapid ti anspoit is by airplane, the newest and fastest mode of 
cainage This method is employed mainly for the rapid transport of 
mail, aiticles of high value in small bulk, or passengeis who find the 
saving in time worth the lelatively higher rates that are charged 

As the railways are the puncipal means of canymg passengers and 
commodities long distances by land, so the modern steamship is the 
major carrier of people and goods over the ocean highways The 
modern steamship, however, transports a much laiger cargo than an 
average freight tram, the pioportion being approximately J to 1, and 
the cost pei ton-nnle of ocean transportation is lower than that of 
eithei the lailway oi the highway 

Ocean Transportation 

The fact that water coveis approximately three-fourths of the sur- 
face of the earth is of major significance m the study of transportation 
The vast expanses of connected ocean have made possible permanent 
communication at regular intervals between widely separated regions 
Sea lanes or definite routes of travel have been established, and these, 
unlike roads, railroads, and canals, cost nothing to maintain. Long- 
distance transportation of economic goods and people is therefore 
achieved at a relatively low rate 

Development of Ocean Transportation. Although the oceans have 
long been used m transporting commodities and people, it was not 
until the beginning of the fifteenth century that the oceans were widely 
navigated, m part because of the discoveries of nautical instruments 
and the improvement of sailing vessels and m part by reason of the 
urgent desne to obtain the commercial products of distant lands 
Prior to the fifteenth century, water transportation was confined 
mainly to rivers, coastal areas, and inclosed shallow embayments. It 
was well developed in the quiet wateis of the Mediterranean, wheie 
Genoese, Phoenicians, and Carthaginians were guided by numerous 
promontories and found shelter in the many embayments of that re- 
gion. It was only logical that Spam and Portugal, located at the 
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junction of the Mediteiranean Sea and the open Atlantic, should be 
the fiist in the development of ocean navigation, especially at a time 
when the Turks took possession of the eastern poitals of the Medi- 
terranean Basin. 

Although the last foiu centunes have witnessed an evei -widening 
utilization of ocean lanes, it was not until the last century that the 
large oceangoing vessels were developed The small sailing vessel has 
given way to the laige coal- and oil-consuming stcamei Ships have 
increased so much in size that a modern tiamp steamei cames approxi- 
mately as much as is hauled by 200 lailroad cais Theie has also been 
an increasing production of large passenger lineis, because of ( 1 ) their 
ability to maintain high speed in rough weather, (2) greater steadiness 
and comfort to passengers, (3) better and more spacious passenger 
accommodations, and (4) the business attraction incident to having 
the largest, fastest, and finest vessels 1 

Liners and Tramps A ship that plies regularly between foreign 
ports is called a liner It usually carries appioximately the same lands 
of products from time to time, and it is therefoie possible to adapt the 
type of the vessel to the nature of the trade. This lesults in specializa- 
tion of seivice Although liners carry a great vanety of goods, they 
normally tend to transport commodities that aie relatively high m 
value and for which it is desirable to have tegular, speedy service. 
Liners therefore, because of their advantage of speed and regularity, 
have attracted a large percentage of the world’s shipping; and nor- 
mally more than 80 per cent of the shipping space for cargoes is 
available m liners 2 

The drab general cargo ships, on the other hand, aie the tramps 
They usually carry goods that do not require speed Lacking m fixed 
routes or regular sailing schedules, tramps go from poit to port wher- 
ever cargoes are offered at sufficiently atti active rates Sometimes 
tiamp vessels are out several years before they return with cargoes 
to the home poit These vessels carry commodities that are compara- 
tively great in bulk and low in value, especially timbei, ores, coal, 
fiber, and grain. 

Periods of warfare greatly inteifere with the Imer and tramp traffic 
of the world. Thus, during the fiist and second world wars, many 
ships were forced to depart from legulai schedules and routes. The 
convoy system was often used by belligerent nations. British and 

1 Scientific American , S 76, 1913, p. 166, 

S E. S, Gregg, "Ocean Trade Routes," Geographical Review, Vol 16, p 295. 
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Fiench waiships and bombing planes would frequently accompany the 
cargo vessels Yet great numbeis of unprotected vessels were sunk 
by submarines, mines, and enemy anciaft 
Ports and Coaling Stations. The increase m number and size of 
steamships has been matched by a development of coaling stations and 
poits Laige ships lequire deep, spacious harbors Most of the suc- 
cessful ocean poits have (1) an approach channel of ample dimensions, 
(2) a good haibor, (3) a large consuming and producing hinterland 
affoidmg tiade and traffic possibilities, (4) freight-handling machinery 
and laige warehouse space, and (5) low port charges. 

Of the vanous physical factois favoring the development of a good 
poit, the harbor is one of the most noteworthy It should not only 
have sufficient depth for the largest of oceangoing vessels, but it must 
also be protected from destructive winds and waves A large anchor- 
age, stiaight channel, and freedom from ice, fog, and shifting sand 
are other characteristics of a good harbor 
Fueling stations aie necessary on the long ocean lanes of the world 
Bunker fuel is bulky, and if a ship is compelled to go long distances 
without refueling a laige amount of space must be given to the fuel- 
space that could otherwise be used for profitable cargo These sta- 
tions are most numerous m the northern hemisphere, especially m the 
North Atlantic It has been estimated that approximately 80 per cent 
of the coaling stations of the woild serve the North Atlantic and 
Mediterranean trade routes. Coal for these stations is obtained mainly 
from the British Isles (Cardiff), Germany, and eastern United States 
Increasing Use of Oil as Fuel. Oil is being used on the larger 
oceangoing vessels to an ever-increasing extent, and in 1930 approxi- 
mately one-fourth of the large ships were consuming oil as a source 
of power Among the various reasons for this relatively greater in- 
crease of oil, mainly at the expense of coal, as a souice of powei are 
(1) less fuel space required per horsepower, (2) greater ease of load- 
ing oil, (3) saving in boiler upkeep, and (4) greater cruising radius 
On some of the larger ships the crew has been reduced by more than 
200 men when a change has been made from coal to oil as a source 
of power Moreover, the extra space available (if oil is substituted 
for coal) makes it possible for large ships to carry additional piofit- 
able cargoes of 4,000 or 5,000 tons, especially if these ships are com- 
pelled to go long distances without refueling 
Ocean Trade Routes. Although the oceans cover approximately 
three-fourths of the surface of the earth, they are crossed only m 
certain places by the major routes of commerce. This concentration 
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of traffic along well-defined lanes is due to several factois (1) In con- 
necting commeicial legions, ocean routes follow the shoitest lane, 
which, owing to the sphencity of the eaith, is the aic of a great cuclc 
(2) The presence of land makes it necessaiy at ceitam places to depait 
from the great circle loute. (3) Ocean cunents and winds influence 
the direction of the loute, and especially of sailing vessels (4) On 
long ocean lanes coalmg stations fuithcr modify the couise of the 
route. 

Of all the oceans the North Atlantic has the greatest amount of 
tiaffic Studies made by the U. S Department of Commerce disclose 
the fact that approximately half the shipping of the woild is engaged 
legulaily in the North Atlantic During normal times about two- 
thirds of the foreign tiade of the United States passes over the At- 
lantic (Fig. 280). 8 This ocean contains approximately half the total 
number of coaling stations in the woild, fuel for bunkerage purposes 
being available in large quantities on both the North American and 
European sides of this ocean. Here numerous steamship routes cross 
and recioss one another, but there is a tendency of concentration of 
tiaffic along one major route, the North Atlantic 

North Atlantic trade rouie Just as the Noith Atlantic is the 
busiest ocean, so the North Atlantic trade route is the chief ocean 
highway This route serves the two leading commercial regions of 
the world— eastern North Amenca and western Euiope From numer- 
ous ports along the Atlantic Coast of the United States and Canada 
ocean lines converge into this major loute, which, owing to the 
sphericity of the earth, follows as closely as possible the aic of a gieat 
circle In following tins couise it passes close to Newfoundland and 
then curves northward and eastwaid across the Atlantic, and on the 
European side of the ocean splits into sepal ate units which extend 
like gaping fingers to the various ports of western Europe (Fig 280) 
Chief among these poits in the trade with the United States are those 
located m the United Kingdom and between Le Havre and Hamburg 
on the continent 

From the colonial period to the present day the traffic over this 
route has consisted mainly of raw materials eastbound and manufac- 
tures and passengers westbound During the early penod of Amen- 
can history large quantities of tobacco, wood products, and furs weie 
exported to Europe The traffic between tidewater Virginia and Eng- 
land was indeed so unbalanced that considerable ballast was necessaiy 

“A. L. Crecher, Ocean Routes m United States Foreign Trade, Commerce 
Reports, December 23, 1929, p 708. 
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on the westward voyage, and this consisted chiefly of stone and brick 
Such trade accounts for the development of the laige stone and buck 
mansions in tidewater Vuginia even during the fust half of the seven- 
teenth centuiy Today the volume of eastbound tiaffic is swelled to 
immense proportions by items such as Canadian wheat, papei, and 
pulpwood, as well as cotton, food, and machineiy from the United 
States This unbalanced tiaffic, however, is giadually disappeaung 
with the increasing exportation of manufactured products fiom the 
United States and the relative decrease of crude materials, especially 
cotton 

The Mediterranean trade route As a major trade loute, the Medi- 
terranean ranks second only to the Noi th Atlantic m value and volume 
of tiaffic that passes ovei it This route connects Noith Atlantic lands 
with the Orient, and extends thiough the Mediterranean Sea, the Suez 
Canal, and the Red Sea It therefore touches lands which contrast 
strikingly m their economic activities, and a variety of commercial 
products aie exchanged on various parts of this route Thus the 
eastern basin of the Meditenanean legion trades with the western 
basin, and this whole region in turn trades with North Atlantic lands 
and the Orient In addition, there is a laige amount of thiough traffic 
between the Orient and North Atlantic countries, especially western 
Europe Important commercial pioducts earned in this trade include 
silk, rubber, tea, jute, sugai, and tin westbound, and a gieat vauety 
of manufactured goods, especially cotton goods and machinery, mov- 
ing m the opposite direction 

Before the completion of the Suez Canal in 1869, commodities enter- 
ing the ocean trade between Noith Atlantic countnes and the Onent 
were carried m sailing vessels around the Cape of Good Hope, or had 
to be transported by land acioss southwestern Asia 01 northeastern 
Africa. Such commerce was small in comparison with that passing 
through the Suez Canal at the present time.* With the opening of 
the canal, and especially with the development of vessels receiving 
their power from coal and oil, the time required for this journey has 
been reduced gieady The saving in distance to be traveled is strik- 
ingly indicated by the fact that the distance between New Yoilc and 
Calcutta, India, is 2,500 miles shorter by way of the Suez Canal than 
around the southern tip of Africa 6 

*Two thousand to six thousand vessels with a total capacity of 10 to 30 mil- 
lion tons passed through tins canal each year. 

6 Since 1935 the annual amount of goods passing through the Suez Canal has 
fluctuated between 7 and 3J million tons 
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The South African route It was mainly hope of reaching the 
Orient by means of a loute around Africa which led the intrepid 
Portuguese exploreis and navigators to advance farther and farther 
southward along the west coast of Africa during the fifteenth centuiy 
until Vasco da Gama finally passed the Cape of Good Hope and reached 
India m 1497 From that time until the opening of the Suez Canal 
the South Afncan route was the chief ocean lane connecting countries 
bordering the Noith Atlantic with the Orient At present a large 
share of the shipping on tins route calls at Durban for coal and at 
Cape Town, the most important center of the South African trade 
The greatest volume of traffic over this South African route is carried 
by a number of freight steamers plying between northwestern Europe 
and Australia Although passenger and mail steamers take the Medi- 
terranean route from northwestern Europe to Australia, the distance 
saved as compaied with the South African loute (1,000 miles) is not 
sufficient to cause freight steamers to abandon the latter route 

The Pacific routfs During the last century the ocean trade over 
the Pacific has been inci easing rapidly The gold rush to California 
in the middle of the last century, the acquisition by the United States 
of Alaska, the Hawaiian Islands, and the Philippines, the opening of 
the Panama Canal and World War II— these are among the outstand- 
ing events that have played a conspicuous role m the development of 
Pacific trade Since the opening of Japanese ports to foreign com- 
merce, the trade of the United States with that country has increased 
lapidly Equally striking has been the development of our trade with 
the Philippine Islands. 

One of the striking featuies of our west coast trade with eastern 
Asia is the preponderance of goods moving to Asia In this trade the 
tonnage westbound was three to four times as large as the eastbound 
tonnage This unbalanced traffic was the result of our large exports 
of bulky commodities and our imports of commodities that are rela- 
tively small m bulk and high in value— a Condition characteristic also 
of our trade with western Europe. In 1937 the United States exported 
more than 558,000,000 pounds of raw cotton to Japan, whereas she 
imported only 50,000,000 pounds of silk Our trade with China indi- 
cates the same type of unbalanced traffic Chief among our normal 
exports to China are kerosene, tobacco leaf, and raw cotton, silk is our 
leading import from China. 

Although the vast expanses of the Pacific are crossed in a number 
of places by ocean lanes, the trade between the west coast of the 
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United States follows mainly two ocean tiunk lines One passes west- 
waid fiom the Puget Sound legion and San Fiancisco and follows as 
closely as possible the great-ciicle route It theiefoie swerves to the 
noithwaid toward the Aleutian Islands The othei loute extends south- 
ward to the Hawaiian Islands, then westwaid to eastern Asia It is 
approximately 700 miles longer than the direct loute between such 
ports as San Fiancisco and Manila, but it affords possibilities of handling 
passengeis, mail, and caigoes foi the Hawanan Islands. 

South American routes Befoie the completion of the Panama 
Canal, large quantities of goods were taken around the southern tip 
of South Ameiica At present this traffic is small in. companson with 
that of the east and west coasts 0 “Sailing vessels may continue to sail 
around the Horn between Atlantic and Pacific ports, for the calms of 
Panama Bay discourage their use of the Panama Canal, but they will 
find greater difficulty in competing against their self-piopelled rivals ” T 

Of all South American traffic, that of the east coast is most lmpoi- 
tant Here the chief termini include the coffee-expoiting ports of 
southeastern Biazil and the grain-, hide-, meat-, and quebiacho-ex- 
poiting ports of the Rivei Plate lands “Various ships ply back and 
foith between Europe and Brazil and the mouth of the Plata, and 
some also between the United States and those sections of South Amer- 
ica, but a consideiable shaie of the imports of hides, wool, coffee, and 
rubber from eastern South Ameiica has been brought to the United 
States in vessels that take cargoes from Europe to South America, and 
load theie for the United States, where cargo for Europe is readily 
obtained This is but ohc of the many triangular loutes followed by 
ocean shipping, it is, however, one of the most important ” 8 

The Panama Canal Since the opening of the Panama Canal in 
1915 it has been used to an inci easing extent by oceangoing vessels 
(Fig 281) In many of the trades served by the Panama Canal the 
saving of distance, and hence of time, by the use of the canal is so 
great that shipping cannot affoid to take any other route. The great- 
est possible distances that can be saved by using this waterway include 
voyages between points on opposite sides of the Isthmus of Panama, 
or in general between Atlantic and Pacific ports of countnes near the 
canal Thus the distance between Cristobal and Balboa is 10,500 
nautical miles by way of the Strait of Magellan, but only 44 miles by 

°E. S Gregg, “Ocean Trade Routes," Geographical Review, Vol 16, p 293 

7 Reprinted by peumssioa from Principles of Ocean Transportation, by E. R 
Johnson and G G Huebner, D Appleton & Co , 1920, pp 62, 63 

&Op.Cit, p 62 
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way of the canal Foi voyages between New York and San Fran- 
cisco the canal lcduces the distance by 7,873 miles 
Between some centeis the distance saved as a result of choosing the 
Panama Canal instead of the Suez is noteworthy, the distance being 
3,357 miles shortei fiom New Yoik to Yokohama via the former 
route Steamers loading m the United States with full cargoes for 
eastern Asia noimally proceed to then destination by the shortei 



Fig 281 The volume of traffic that passes through the Suez and Panama canals 
Note the depression slump that followed 1929, reaching a low in 1932, and a 
second slump caused by the interruption of trade by Woild War II 


route, and the return voyage is governed by cargo offerings. A 
steamer leaving New Yoik harbor via the Panama Canal for Yoko- 
hama might find it necessary to continue to Singapore or Batavia for 
a caigo consigned for either Europe or the United States, in which 
event the return voyage would be by way of the Suez Canal 

Inland Waterways 

Early Transportation by Water. Inland waterway transportation 
has been an important factor in the lives of human beings since the 
beginning of histone time. Even artificial waterways (canals) were 
constructed many centuries before the time of Chnst. The large rivers 
of the Orient hive long provided access to inland regions, and some 
of them even at present are the chief highways of the countries 
through which they flow. In the early history of the United States 
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our colorusts used the natural waterways as piactically their only 
means of communication with the interior By way of the rivers, 
tobacco reached the seaboaid in the area of tidewater Vugima, and 
by way of the Mississippi and its tributaries laige quantities of corn, 
lard, bacon, whiskey, and other “western pioduce” weie sent to the 
southern plantations and to New Oi leans for export 

Stages of Inland Waterway Transportation m the United States. 
Interior navigation in the United States has passed tlnough several 
well-defined stages The first of these antedates the use of coal as a 
source of power. “It was not until the use of steam was successfully 
applied to the shallow-draft river steamboat that the development of 
interioi channels really began This occurred early m the nineteenth 
century, and afforded an enoimous stimulus to the construction of 
new and larger canals and the improvement of natural channels ” a 
Among the canals completed during this period were the Erie Canal 
(1825), the Schuylkill Canal (1825), the Delawaie and Hudson Canal 
(1829), the Lehigh Canal (1829), the Morris Canal, and the Delaware 
Division Canal (1832), In 1825 the state of Ohio began the construc- 
tion of two canals to connect Lake Ene with the Ohio River, both of 
which were completed in the early thirties This first stage of our 
waterway development was a distinctly speculative one. There was 
little consideration of cost With the outbreak of the panic of 1837, 
this marked movement of canal building received a severe blow, and 
by 1840 it came piactically to an end. 

In addition to the economic status of the country, there weie vanous 
physical causes for the decline of river and canal transportation' (1) 
the channels of most of the nveis were crooked, shallow, and shifting, 
(2) the depth of water vaiies much from place to place and even from 
time to time, (3) the use of these waterways forced fieight to take 
long, roundabout courses; and (4) the waterways were closed to navi- 
gation because of cold winters 

The second period in the history of interior navigation coincides 
with the period of first marked development of railways, and these 
expanded at a rapid rate aftei the construction of the first section of 
the Baltimore and Ohio in 1830. During the next ten years approxi- 
mately 3,000 miles of railroad line (double track) had been laid, and 
by 1880 the mileage had increased to 93,300. These railways entered 
into vigorous competition with the rivers and canals. Indeed, the 

8 Reprinted by permission from “Natural Waterways in the United States,” by 
W W Harts, Annual Report of the Smithsonian Institution, 1916, p. 545. 
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period during which our inland water routes weie at their lowest ebb 
m the tide of oui conimeicial tiansport is the tune of the intensive 
development of railway transportation and facilities The ability of 
the railway to move tiaffic directly between ongm and destination 
without bieaking bulk is an advantage which must be recognized As 
long as no effective coordination existed between lail and water routes, 
it was natural foi inland shippeis to prefei the lail loutes, even where 
the lates weie more favorable by the watei 

The thud penod in the history of interior waterways began duung 
the latter part of the nineteenth century, “when the industrial de- 
velopment of the areas adjacent to streams and the increase m popula- 
tion had provided more than sufficient commerce for the existing rail- 
ways ” 10 One of the most important steps taken in the revival of 
water transportation was the passage of the transportation act of 1920. 
Section 500 of that act declared it “to be the policy of Congress to 
piomote, encourage, and develop watei transportation, service, and 
facilities in connection with the commerce of the United States, and 
to foster and preset vc in full vigor both rail and water tiansportation ” 

Inland Waterway Divisions of the "United States. Fiona the stand- 
point of Inland waterway transportation, four major divisions may be 
recognized within the United States The most significant of these 
is the lake system along our northern border The other three divi- 
sions practically coincide with (1) the Atlantic coastal plain, (2) the 
Mississippi River Basin, and (3) the Pacific lowlands Both the At- 
lantic and Pacific lowlands contain few large rivers In the central 
part of the country, however, the Mississippi and its tributaries con- 
stitute a large system for inland navigation 

Lake System of Interior Waterways. Along our northern border 
the Great Lakes constitute the most important system of interior 
natural waterways of this country or of the world. No othei inland 
waterway carries as much traffic as the Great Lakes— 188,000,000 tons 
m 1944 The great commercial importance of these lakes is due to 
a number of factors. (1) the east-west extent of the lakes, giving 
cheap transportation along the direction of greatest movement of com- 
modities in the United States, (2) the excellent location with respect 
to abundant reserves of iron ore, coal, and timber, as well as the 
spring-wheat lands of the United States and Canada, and (3) the low 
cost of transportation on the lakes mainly because of deep natural 
channels and their great extent, together with an excellent adaptation 

10 Op. ctt., p. 54 6 
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of shipping facilities to meet the needs of these bulky and heavy com- 
modities 

Located between Ameiica’s laigest leserves of high-grade coal and 
iron ore, the Great Lakes constitute an impoitant highway m the 
tiansportation of these commodities Approximately foui -fifths of all 
the traffic through the Sault Samte Mane consists of lion eastbound 
and coal westbound, the other important items in lake tiaffic being 
gram, lumber, and floui 

The St. Lawrence Waterway. The St. Lawrence River is an im- 
poitant channel m the movement of Canadian and United States grain 
But owing to a number of rapids in the uppei part of the river, it was 
necessary to construct six canals each with a depth of 14 feet, thereby 
piovidmg transportation around the rapids for vessels drawing ap- 
proximately 13 feet oi less of water (Fig 282) Further deepening of 
the St Lawrence has been considered by the governments of the 
United States and Canada, but no definite plan of progress has been 
reached 

It has been suggested that, although the project— making lake ports 
open to moderate-size ocean-going vessels— will cost approximately 
$250,000,000, it will be to the advantage of the wheat growers of the 
United States and Canada, and that it will convert lake ports into 
ocean ports In addition, hydroelectnc-powei development will be 
facilitated. On the other hand, theie are several objections to the 
deepening of this river (1) The St. Lawience, because of its location 
in an area of low winter tempeiatures, is closed for five months of 
the year (2) Frequent fogs at the mouth of the river constitute a 
souice of dangei to shipping (3) Although there will be an east- 
bound traffic in grain theie will be but little leturn cargo. Moreover, 
local opposition to this project has been experienced in both Montreal 
and New York. Montreal, located at the head of navigation for 
oceangoing vessels, is favored by the necessity for a break in cargoes 
at that point New Yoik claims that she would lose much of the 
trade wluch otherwise reaches her by rail and the Erie Canal, 

The Mississippi River System. Second in importance to the Great 
Lakes, the Mississippi River system of waterways serves a laige area, 
and it has long been the route by which an extensive traffic from the 
central West found its way to the seaboard. Indeed, the Mississippi, 
with its several important tributaries, during the early years of the 
nineteenth century supplied the only means of moving freight in 
commercial quantities between the eastern seaboard and the cental 
West, and for many years it constituted the main trunk-line transpom- 
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tion loute west of the Alleghenies for both freight and passengeis 
Although uver-borne traffic declined during the eaily part of this 
century, it is now increasing. In 1944, the river-borne freight of the 
United States exceeded 450,000,000 tons and that of the Mississippi 
Rivei exceeded 44,000,000 tons. 



Fig 282 Map showing five sections of the St Lawrence River from Lake Ontario 
to Montreal, with the rapids, canals, and amount of fall in each section (Based 
on map drawn by Corps of U S Army Engineers and U S Bureau of Railway 

Economics.) 


The Ohio River. Of all the members of the Mississippi River sys- 
tem, the Ohio River is most important. This river, formed by the 
confluence of the Allegheny and Monongahela rivers at Pittsburgh, 
flows southwestward and empties into the Mississippi at Cairo, Illinois 
In its original condition, it was obstructed for navigation not only 
by the falls at Louisville, but also by snags, rocks, and bars in various 
parts of its course. The minimum depth over bars at extreme low 
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watei was approximately 1 foot in the upper section and 2 feet in. the 
lowci part It was therefoie necessary to deepen the channel before 
modem barge service could be realized. 

Various projects have marked the development of this channel until 
at present the navigable depth of the river is 9 feet Such depth has 
been realized by means of constructing 50 low-lift dams, each with a 
lock chamber 110 feet wide 



Fig 283 Map showing New York State Barge Canal system (According to 
the New York State Survey and Engineer and the Bureau of Railway Economics ) 


The Ohio River system drains a legion rich in natuial resources. 
Near the river banks are enormous deposits of minerals, such as coal, 
fire clay, limestone, sand, and giavel The traffic on the Ohio River 
consists mainly of low-priced, bulky commodities, such as sand, gravel, 
coal, and%ron and steel products 

The Erie Canal. The most important waterway connecting the 
Atlantic slope with the interior of the country is the Erie Canal (Fig 
283). It extends from Waterford, New Yoik, to Buffalo on Lake 
Erie. Together with the Hudson River it provides a through route 
from the Atlantic to the Great Lakes or the New York Barge Canal. 
For nearly a half century after its completion in 1825 it constituted the 
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most important single loute of trade between the Atlantic seaboard 
and the area west of the Appalachian Highlands. This canal prac- 
tically revolutionized the cairymg business, and in time the cost of 
transportation was reduced to one-tenth the former figure Since its 
completion m 1 825 the Erie Canal has been enlarged three times, and 
at present it has a 12-foot channel, but it is carrying only 10 to 15 
pci cent of its tiaffic capacity 

Economic Aspects of Inland Water Transportation Inland water- 
ways, though a worthwhile adjunct of the transportation facilities of 
the nation, are often developed at a tremendous cost 11 In fact, even 
the total cost of enlarging the Erie Canal was estimated at approxi- 
mately $530,000 per mile, whereas the capitalization of an average 
railway m the United States is less than $60,000 per mile 12 In spite 
of comparatively high cost of construction, however, the waterways 
piovide cheap transportation, and this mainly because of financial aid 
from the federal government or the state in the construction and 
maintenance of the channel The burden therefore is carried by the 
taxpayer. 

Railway Transportation 

Importance of Railways. The modem railway constitutes the most 
important means of long-distance transportation on land. It has made 
possible the modern city and the geographical division of labor (Fig. 
284). It constitutes the backbone of the transportation system of all 
the leading industrial nations of the world, and this mainly because 
of the ability of extending railway lines to all parts of a country, even 
into mountainous regions, and because of the low real cost of trans- 
portation by rail In addition, the railway has the advantages of speed, 
capacity, regularity, and dependability of service 
Railway Location. In choosing the location of a railway, physical 
as well as economic factors must be considered Chief among the 
physical factors are grades, curves, and distance It is a well-recog- 
nized fact that steep grades have a marked effect upon operating costs 
Where railroad lines are forced to ascend steep slopes a “pushei” 
service is often necessary In planning the location of railway lines, 
it is the objective of the engineer to avoid grades wherever possible, 
and therefore the lowland stretches are often utilized In areas of 
rugged relief the railway route is sometimes forced to make sharp 

“This sometimes for advancement for pork-barrel politicians 
is H G Moulton, “Economic Aspects of Water Transportation,” Journal of 
Geography, Vol IS, p 78. 
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Fie 284 Map showing railways, chief metropolitan districts (according to McKenzie), and limits of the north- 
eastern industrial region 
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cmves. Although such cm ves generally affect the operating cost of a 
lailway less than grades, they nevertheless constitute an important 
factoi, mainly by dcci easing speed and ti ainload, by mci easing wear 
and teal of both lad and rolling stock, and by increasing accidents 
In any given legion the element of distance within reasonable limits 
is probably less impoitant than the grades or curves, because cost of 
shipment does not mciease in proportion to mileage 

Development of Railways. In the history of mankind, railway 
transportation is a recent development It began m the United States 
and England about a century ago In fact, by the end of 1830 the 
United States had only 23 miles of railway Ime 13 Beginning slowly, 
railways have spiead over much of the earth’s surface until in 1939 
there weie almost 800,000 miles of railway Ime— a distance thirty- 
thiee times the circumfeience of the earth The magnitude of this 
type of transportation is further reflected m the fact that the railways 
of the world cany almost 4 billion metnc tons of freight and about 
10 billion passengers a year 

The early lailway development was marked by considerable hesi- 
tancy. By 1840, the railway mileage had not reached 4,740 miles 
The figures foi the United States— the leading country in railway 
mileage— are illuminating Here the total, which m 1840 was only 
2,818 miles, and which even m 1860, twenty years Iatei, amounted 
to only 30,622 miles, had risen in 1900 to 193,300 miles Several 
factors account for this early hesitancy m lailway development One 
factor was the belief that railways could not compete with the water- 
ways but should be supplemental to them In fact, a necessary section 
of what is now the mam line of the Pennsylvania Railroad was built 
onginally, as a means of hauling canal boats over the Allegheny Moun- 
tains, and the earliest railroads m the Middle West were mainly short 
lines connecting with the waterways Moreover, in eaily days the 
railfoads were not properly equipped to handle freight. For example, 
the Baltimore and Ohio in 1831 carried 81,905 passengers and only 
593 tons of freight As the era of railroad building proceeded, how- 
ever, it became apparent that the railroad had important advantages in 
speed and in ability to go where the steamboat could not go 14 

The marked development of railways in lecent decades was asso- 
ciated with a realization of certain advantages of this type of trans- 

1S E. R Johnson and T. W Van Metre, Principles of Railroad Transportation, 
D. Appleton & Co , 1920, p. 26 

14 F H Farwell, “Early Transportation bv Water," Congressional Record, 
p 1038. 
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portation, with its speed, capacity, legulanty of service and depend- 
ability In addition it was found (1) that an mcicase m traffic does 
not involve a corresponding increase in the cost of tianspoitation, and 
(2) that cost does not mciease in proportion to mileage 10 Large 
profits weie therefoie realized by extending lines and by obtaining 
additional traffic. An mciease m traffic was often obtained by under- 
cutting the rates of competing lines Indeed, during the last quartei 
of the nineteenth century veritable rate wars were waged among 
various of the railway lines in the United States Railways even ad- 
vanced their lates in areas where competition was lacking so that they 
could secure competitive traffic— an example of local discrimination 18 
It therefore became necessary to establish the Inteistate Commerce 
Commission, which was given the power to establish such level of 
rates as would enable the lailroads to earn a fan return on their prop- 
erty 17 

Highway and Air Transportation 

After the introduction of the automobile, the construction of all- 
weather highways proceeded rapidly Thus today more than 30,000,- 
000 passengei cais and motor trucks are being used m the United 
States to carry passengers and fieight in competition with other types 
of transportation facilities In 1945, more than 108,000,000 tons of 
revenue freight were earned by inter-city motor vehicles and 131,- 
000,000 passengeis weie earned by mtei-city motor earners. These 
data leave out of consideration the local transpoitation of many million 
tons of freight and of hundreds of millions of passengeis 

Transportation by air is increasing very rapidly. As late as 1926, 
transportation of goods and passengers by the United States systems 
of an lines was relatively unimportant Twenty years later, 1946, the 
air lines of the United States carried 12,591,251 passengers more than 
6 billion passenger-miles. In addition they carried 64 million ton- 
miles of mail and large quantities of freight and express 

From the United States impoitant air routes have been extended 
through the West Indies and along the greater part of coastal South 
America. Still other routes cross the Pacific by way of the Hawaiian 
Islands. One of the Pacificvroutes that is under United States control 

16 P. Vidal de la Blache, Principles of Human Geography, Hemy Holt & Co., 
1926, p 395 

16 E. Jones, Principles of Railway Transportation, The Macmillan Co., 1925, 
p. 93. 

lr Op cit, p 275. 
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connects Hawaii with the Philippines and coastal China, anothei ex- 
tends fiom Hawaii to Samoa and New Zealand An transport has 
also been developed between American and Euiopean centers When 
Woild Wai II started in Europe m 1939 approximately 10,000 per- 
sons were anxious to use the Pan American Airways in order to teach 
their native countnes The Pan Amencan Airways, howevei, has 
centered much attention on the cairymg of mail, and at England’s 
request the service of this company was also extended to Beunuda 
because shipping was called off at that point 

This remarkable development of aviation within lecent yeais has 
been due laigely to improvements m the comforts, speed, and safety 
of air travel Huge transport planes have been constructed, which 
have comfoits that rival the best trains and steamers. On the airways 
of the United States rotating electric beacons have been placed at 10- 
to 15-mile intervals The radio range beacons give directional guid- 
ance while the radar is used to determine the exact location of the 
plane, its altitude above the surface, and its proximity to other objects 
Weather broadcasting stations give information with respect to at- 
mosphenc conditions. 

FUNDAMENTAL AND BASIC FACTORS UNDERLYING 
FOREIGN TRADE 

International trade is the result of a variety of factors, some of 
which are geographic m character, others non-geographic From an 
economic standpoint, a nation specializes in the production or ex- 
change of those goods in which it has a comparative advantage. That 
is, a nation specializes in producing those commodities whose cost of 
production is less than in other countries, and if the cost is less for 
several lines of commodities specialization tends to take place in those 
lines which show the greatest cost differential. But this difference in 
cost is based on certain fundamental factors, among which are dif- 
ferences in soils, in climate, in topography, and in forest and mineral 
resouices Even such non-geographical factors as stage of economic 
development and racial characteristics play an important part. 

Differences In Natural Environment Climatic differences are 
fundamental to trade, and the basic characteristic of tins factor is re- 
flected also in its influence on both the vegetation and soil It is mainly 
because of climate that the low latitudes pioduce tropical fruits; Brazil, 
coffee, Ceylon, tea; and the East Indies, rubber. 
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The relief of the land is closely lelated to other factors of the en- 
vnonment. High altitudes give tiopical peoples environmental condi- 
tions similar to those of the temperate zone In addition, the lelief of 
the land affects the flow of international trade Thus high mountains 
often act as barners to the fiee flow of goods, whereas the extensive 
plain facilitates the interdependence of peoples 

The study of natuial xesouices is obviously fundamental to an un- 
derstanding of the basic facts of foreign trade Abundant reserves of 
high-grade coking coal and iron ore have given some aieas a compara- 
tive advantage in the production of iron and steel, and the plentiful 
supply of fuel and power has been a basic factoi m the industrial 
giowth of the United States and countnes of western Europe. The 
United States produces more iron, copper, petroleum, coal, and cotton 
—basic raw materials needed in modern manufacturing— than any other 
nation Since our country produces more than it needs for home 
consumption, foreign trade is essential to our economic progress. 

The diffeiences between natural resources of vanous countries are 
likely to become mcieasingly important in the futuie development of 
international tiade Today, the tiend of woild trade is along the 
parallels of latitude In other words, it flows chiefly fiom east to 
west and to a lesser extent from noith to south This is because today, 
except foi the results of wais and their aftermaths, foreign trade is 
still largely the lesult of differences between the stages of develop- 
ment of vanous countries and continents in the tempeiate zone But 
the moie the process of leveling and assimilation proceeds, the more 
prominent will become the diffeiences m natuial resources and climatic 
conditions These natural elements tend to influence tiade to move 
between different zones— that is, north and south. Long after we have 
ceased shipping wheat to Liverpool and Rotterdam, we shall still be 
getting coffee fiom Biazil, hides fiom Argentina, sugar from Cuba, 
and wool from South Africa, The quantity of this country’s im- 
ports fiom Europe has not grown as rapidly during the last fifty 
years as the imports of tropical pioducts, like cacao, coffee, fibers, 
rubber, olive oil, rice, sugar, and tea 

Differences in Stage of Economic Development. Every young and 
developing nation passes through at least three stages of evolution 
At first it has to rely upon the importation of machinery and other 
manufactured goods foi the development of its natuial resources. 
Since it is unable to pay for this foreign capital brought in on credit 
for the exploitation of its resources, it becomes indebted to other 
countries by an amount approximately as large as the excess of im- 
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poits over expoits As the development of the land proceeds and in- 
creasing quantities of raw materials are exported, the country grad- 
ually gams a position where it is able to pay, m the form of com- 
modities, not only for its expoits, but also interest on foreign obliga- 
tions. Its production has increased at a more rapid rate than the 
population, and the visible exports may exceed the imports by a con- 
siderable margin. 18 The third stage is that aheady reached by the 
gieat manufacturing nations of Europe In this stage of development 
the countiy is relatively densely populated, and its imports may ex- 
ceed its exports But then invisible expoits pay foi the additional 
commodities impoited In othei woids, the excess of imports ovei 
exports represents largely the payment of interest on capital invested 
in foreign countries, 

The lelative conditions of industrial development in different coun- 
tries have a marked effect upon foieign trade China possesses a laige, 
diverse, geogiaphical base and contains advantages in natuial resouices 
supenoi m some lespects to those of nations in western Europe, yet 
she is not so far developed industrially as the western world, and hex 
per capita foreign tiade is lower than that of any other countiy listed 
in the Commerce Yearbook of the United States Many factors ac- 
count foi her letarded industrial growth, among which are (1) long 
isolation from important centeis of civilization, (2) the importance of 
the family rather than the individual as the woikmg industrial unit, 
(3) the meager development of transportation, (4) the frequent polit- 
ical disturbances, and (5) the paucity of local capital Similar condi- 
tions retard industrial development also in other lands 

Secondary Factors Influencing International Trade. A number of 
secondary factors influence the volume and direction of international 
trade The wealth of a nation has much to do with the nature and 
volume of its imports Thus rubber, sugai, coffee, silk, liquor, news- 
paper print, cacao, and furs are all listed among oui major imports 
Yet in a country of poor people the per capita consumption of most 
of these products would be small, especially if they had to be imported 

Tariffs High tariffs tend to retaid the flow of commodities be- 
tween countries, and differential tariffs may help to determine the 
sources of imports. Duties may be placed high enough on some com- 
modities to stop completely their importation. Such duties may be 
levied in order to protect industrial and agricultural pioducts against 

i 8 There are not only visible but also invisible exports. The invisible items of 
foreign trade include services of a merchant marine, of banks or insuiance com- 
panies, services tb tourists, and interest payment on foreign loans 
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foreign competition and to increase the use of laboi at home Re- 
gardless of the merits of high tanffs, it is an accepted fact that they 
letard the international flow of goods 

Foreign Investments. Wealthy countries have billions of dollars 
invested m foreign countries For many decades Great Britain led 
the world in this lespect She owned railroads, oil fields, mines, and 
plantations in many countries In many cases this capital invested in 
foieign lands was producing goods to be shipped duecdy to the United 
Kingdom Similarly Amencans have billions of dollais invested in 
foieign lands Some of this capital is used pnmaiily foi the purpose 
of supplying home industries with needed raw materials 

Other factois such as customs, manners, language, friendship, polit- 
ical alliances, and philosophies of government tend to influence the 
volume and direction of trade 

The future tiend of international trade will depend upon many 
factors Chief among these will be the degree of business recovery of 
Eurasia, the degree of friendship among nations, and the extent to 
which tariff barners aie maintained, raised, 01 loweied Other factors 
such as wai, war psychology, and nationalism will also play a role m 
international trade However, assuming that the nations of the world 
can lestore peace and friendship, the future of world trade will be 
determined largely by two basic factois (1) differences in environ- 
mental conditions, and (2) differences in the stages of economic de- 
velopment 

REFERENCES 


Arthur, Paul, and others, Wot Id Trade, Office of International Affairs, May 
1946. 

Bayley, W S , “Geographical Effects of the Proposed Gicat Lalces-St Lawrence 
Waterway," Economic Geography, Vol I, 1925, pp 236-246 

Blanchard, W O , “The Panama Canal as Related to the Intercontinental Trade 
of South America,” Transactions of the Illinois Academy of Science, Vol 18, 
1925, pp. 335-350 

Brown, R M, “Our Waterway Requirements,” Geographical Review, Vol 5, 
1918, pp 119-126 

Clay, Henry, “Britain’s Declining Role m World Trade,” Foreign Affairs, April 
1946, pp, 411-428 

Clerk, Sir George, “The Geography of Post-War Air Routes,” Geographical 
Journal, March 1944, pp 89-100 

Cormie, J A, “The Hudson Bay Railroad,” Geographical Review, Vol 4, 1917, 
pp 26-40. 

Ely, Edward J, and others, Summary of Foreign Commerce of the United 
States, Bureau of Census, 1946 



REFERENCES 


755 


Greco, E S, “Ocean Trade Routes,” Geographical Review, Vol 16, p 295 
Harts, W W , “Natural Waterways in the United States,” Annual Report of the 
Smthsoman Institution, 1916, pp 545-578 
Huntington, E , “The Distribution of Domestic Animals,” Economic Geography, 
Vol 1, 1925, pp 143-172 

Johnson, E R, and T W Van Metre, Principles of Railway Tumsportation, 
D Appleton & Co, 1920 

J ones, E, Principles of Railway Transportation, The Micmilhn Co, 1925, p 93 
Moulton, H G, “Economic Aspects of Inland Waterway Transportation,” 
Journal of Geography, Vol 15, 1916, pp 73-78, 112-116 
Parkins, A E , “A Comparison of the Trans-Appalachian Railroads,” Journal of 
Geography, Vol 9, 1911, pp 113-118 

Thayer, W, “Transportation on the Great Lakes,” Annals of the American 
Academy of Political and Social Science, Vol 31, pp 126-138 
Whitbeck, Florence, “New York Barge Canal Expectations and Realizations,” 
Economic Geography, Vol 4, 1928, pp 196-206 
Whubeck, R H , “The St Lawrence River and Its Part in the Malang of 
Canada,” Bulletin of the American Geographical Society, Vol 47, 1915, pp 
584-593 

Worn., Paul, “Transportation m the Development of Soviet Policy,” Foreign 
Affairs, April 1946, pp 466-483 



Chapter 23 


WORLD COMMERCIAL REGIONS AND 
UNITED STATES FOREIGN TRADE 

MAJOR REGIONS OP WORLD TRADE 

Three regions— west-central Europe, eastern North America, and 
southeastern Asia— normally account foi more than two-thuds of the 
international tiade of the woild In the first two of these regions, 
agncultuie, mining, and manufacture have teached a higher stage 
of development than m othei parts of the world, and they contain 
well-rounded supplies of major lcsouices for the development of 
modern industry In addition, these areas have economic control 
over distant lands and resources from which they are able to obtain 
laige quantities of raw matenals that are lacking at home The third 
legion listed above is the most densely populated portion of the eaith 
and although the per capita trade is relatively small its total trade is 
large 

West-Central Europe. The gieatest hub of international trade is 
located in west-central Europe A gieat variety and vast quantities 
of raw matenals normally move into the major industrial areas of 
Great Britain, Geimany, Belgium, France, Netherlands, and the 
Scandinavian countries lion ore, copper or copper oie, bauxite, 
manganese, tin, and a variety of other minerals are imported by some 
or all of these countries In addition cotton, jute, rubbei, copra, and 
palm oil together with many other vegetable raw materials are im- 
ported In return, literally thousands of manufactured products are 
exported to all parts of the world Although this region produced 
large quantities of foods, additional food supplies must be imported 
to help feed the millions of workers normally employed in factories 
or engaged in trade, services, and professions. Noimally Europe takes 
more than one-half of our exports but since 1925 she has accounted 
for only 15 to 20 per cent of our imports (Figs 285 and 286). 

7S6 



757 


MAJOR REGIONS OF WORLD TRADE 

Eastern North America. The second most impoitant hub of intei - 
national tiade is situated m eastern North Amenca This legion, like 



Fig 28J Europe has been our best customer for export products from the time 
of the early colonization of America to the present 



Fig 286 The United States import trade by continents Note that since 192 5 
we have obtained more goods from Asia than from any other continent except 
when that trade was disrupted by World War II Rubber, oils, silk, tin, and a 
great variety of other minerals are obtamed from Asia As our industrialization 
has progressed, our imports from Europe have decreased 


that of west-central Europe is a great industrial area which imports 
needed raw materials from many parts of the world and exports 
finished oi semi-fimshed products to a worldwide market. This area 
is also a large exporter of raw materials. 










7J8 WORLD COMMERCIAL REGIONS AND U S FOREIGN TRADE 

Noimally in the tiade between eastein Noith Amenca and west- 
central Europe, the tonnage and value of eastbound goods greatly ex- 
ceeds that of the westbound (Fig 287) Thus in the trade between 
the United States and the United Kingdom oui country normally 
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NETHERLANDS INDIES 

Fig 287 Our chief markets and sources of lmpoics in 1937, according to the U S 
Department of Commerce Note that the United Kingdom leads m buying our 
goods Yet Canada leads m the total of export and import trade with the United 
States Normally our exports to most European countries greatly exceed the 

imports 


exports more than twice as many tons of goods as it imports, whereas 
in our trade with continental Europe our exports normally exceed 
our imports by more than 1,000,000 tons In 1946 and 1947 most of 
the goods went east, little came west In 1946 the United States sent 
to Europe 45,000,000 tons of goods valued at more than $4,000,000,000 
We received in return less than 2,500,000 tons of goods valued at 
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79(5,000,000 1 In 1947, the volume of eastbound traffic from Canada 
nd the United States to hungry, cold, pooily clad, and pooily 
quipped Europe was swelled to immense proportions by items such 
s wheat, meat, cotton, coal, papei, wood pulp, and machinery, 
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ig, 288 Our major markets and suppliers in 1946, according to the U, S, De- 
artment of Commerce Prior to World War II, the countries of western Europe 
ilcen together had long been our chief source of imports and also led m buying 
ur goods After World War II, poverty-stricken Europe could send us litde, 
ut their need for U S goods was unprecedented Our expoits to Europe were 
measured primarily by our capacity to produce the goods that they needed 


/hereas Europe, struggling with post-war problems, sent us little m 
eturn This unhealthy trade condition is one of the tragic after- 
laths of World War II (Fig 288) 

Southeastern Asia This area, although densely populated, is still 
ble to sell vast quantities of products of the soil Silk, rubber, coco- 

1 Summary of Foreign Commerce of the United. States , U S Department of 
Commerce, 1946, p 4 
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nut products, tea, sugar, hemp, jute, sisal, soybean oil, coffee, and 
timber represent some of the major expoits of the region Tin, 
manganese, chiomium, gold, and othei minerals aie also exported 
In return the legion pui chases almost every type of manufactured 
product that is made in the gieat mdustnal centers of the world 

MINOR REGIONS OE WORLD TRADE 

Although more than two-thirds of the international tiade is concen- 
trated in the three regions already discussed, six othei areas play an 
important role in international trade They are (I) the borderlands 
of the Mediterranean Sea, (2) eastern Europe, (3) east-centoal South 
America, (4) the Caribbean legion, (5) southeastern Australia and 
New Zealand, and (6) South Africa 

The Borderlands of the Mediterranean Sea The Mediterranean 
region normally secures 6 to 10 per cent of the world trade These 
subtiopical countries send out both raw materials and manufactured 
products Their fruits, nuts, wines, silk and cotton goods, olive oil, 
cork, tobacco, and perfumes aie sent to all parts of the woild, while 
non ore and phosphates aie shipped fiom North Africa to the indus- 
trial nations bordering the North Atlantic Ocean Recently petroleum 
from Iran and Iraq has been piped or shipped in tank cars to ports 
of the eastern Mediterranean Sea for export. The volume and value 
of this trade is now increasing rapidly and gives promise of becoming 
a major export of this region. In return the Mediterranean region im- 
ports large quantities of coal and coke and a great variety of manu- 
factured products. 

Eastern Europe This aiea noimally secuies 4 to 6 per cent of the 
woild tiade Since it is mdustually backward, its exports aie com- 
posed primarily of raw materials or semi-finished pioducts Wheat, 
petioleum, manganese, chiomium, corn, flax, lumber, and dairy prod- 
ucts lepiesent major exports Its chief imports are manufactured 
goods, especially machinery, machine tools, automobiles, and woolen 
and cotton goods 

East-Central South America, Southern Australia, and New Zealand 
Agricultural and pastoral pioducts represent the major exports of 
these regions Coffee, wheat, wool, dairy products, meat, flax, corn, 
hides and skins represent the most notable exports from one or more of 
these regions. 

The Caribbean Region. This legion is especially noted for its ex- 
ports of bananas, the most important fruit of international trade. It is 
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also the hugest sugai-exportmg region m the world Cacao, coffee, 
pineapples, sisal, tobacco, iron oie, chromium, petroleum, gold, silvei, 
and platinum are also important exports of the region. Its imports 
are chiefly manufactured products 



Fig 289 Trends of American foreign trade by decades, 1850-1940, and by years, 

1941-1946 


South Africa. This region is fortunate in possessing some of the 
most richly mineralized aieas in the world and is famous for its produc- 
tion and export of diamonds and gold. It is also an exporter of -vtfool 
and subtropical fruits. It purchases in return a great variety of manu- 
factured goods. 
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Foreign Trade of the United States 

Growth of Foreign Trade. Fiom the time that the United States 
became an independent nation until 1850 foreign trade was small and 
practically stationary (Fig. 289). During the fiist part of this period, 
however, the foreign trade was a relatively important part of all oui 



MERCHANDISE EXPORTS FROM US 

PER CENT 
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Fig. 290 During the last few decades oui exports of finished manufactures and 
of semi-manufactures have increased rapidly and our imports of crude materials 
and of foodstuffs have decreased The exports of foodstuffs to Europe m 1945, 
1946, and 1947 have been very large because of the postwar needs of the European 

peoples 


trade (domestic and foreign) and held this comparatively prominent 
place mainly because of wars and commercial rivalries among Euro- 
pean countries at that time With the cessation of hostilities in Eu- 
rope we turned more and more to domestic trade, as the population 
was moving westward mto the Mississippi Valley. 

From 1850 to 1870 there was a giadual increase in our foreign trade 
—an increase that may be explained m part by the development of the 
cotton industry. After 1870, however, with the development of cheap 
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transportation, and with the pioduction of laige quantities of food- 
stuffs and ciude materials, the Middle West began to affect the foreign 
tiade of the country to a considerable extent, and the exports sur- 
passed imports in value m the yeai 1873. 

The foieign trade moie than doubled between 1870 and 1900, and 
from the beginning of this penod the large quantity of cheap giain 



Tic 291 A century ago manufactured goods represented more than 50 per cent of 
our total import trade, the imports of crude materials were relatively unimportant 
Today crude materials represent approximately one-third of our total imports and 

die importation of manufactured goods is becoming relatively less important 

exported from America was creating a major problem in the agn- 
cultural districts of western Europe. Countries such as Denmark, foi 
example, unable to compete in gram production with Amenca’s black 
prairies, turned to dairying and other types of more intensive utiliza- 
tion of the land. 

Another period of rapid growth in American foreign trade began 
in 1900, when finished manufactures were becoming increasingly more 
important among our exports (Fig. 289) The foreign trade of the 
country swelled to tremendous proportions during and after World 
War I The worldwide depression that followed caused oui foreign 
trade to slump to less than one-fourth of its peak in 1920 World 
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Wai II and its aftermath have lesulted m oui foreign tiade soaring to 
new heights in spite of the fact that it is laigely a one-way tiade— in 
1946, exports represented 64 per cent in value wheieas imports repre- 
sented only 34 pei cent. 



Fig 292 The twenty-five leading items imported into the United States in 
19S7 In a general way, the pattern of imports indicated here had prevailed dur- 
ing most of the period between World War I and World War II It may, there- 
fore, be designated as our normal pattern of imports for recent times (U S 
Department of Commerce) 

Kinds of Commodities Exported and Imported. The trade during 
our colonial period consisted chiefly of raw mateuals such as tobacco 
from tidewater Virginia, pine and oak timber, and furs exported to 
England in exchange for finished commodities. This was consequently 
an unbalanced tiaffic, a movement of bulky products to Europe in ex- 
change for goods that were relatively high in value and small in bulk 
Additional ballast was frequently required (in the westward voyage), 
\yhich sometimes consisted of bucks, and gave use to the early con- 
struction of buck mansions in tidewatei Virginia 






FOREIGN TRADE OF THE UNITED STATES 


765 


The nineteenth centuiy witnessed a penod of rapid expansion in 
agucultuial production and the export of such commodities This 
development of agricultural exports was most marked during the 
second and thud quarters of the nineteenth century, especially after 



Fig, 293 The twenty-five leading items imported into the United States in 1946 
After World War II our imports were quickly adjusted to fit, m a geneial way, 
the normal prewar pattern Compare Figures 292 and 293 Of the twenty-five 
leading imports in 1937, twenty-two weie listed among the leading imports of 
1946 , The order of importance has changed somewhat, but m general our most 
important imports of 1937 were also our most important imports in 1946 (U. S. 

Department of Commerce,) 

the settlement of large stretches of fertile land m the West and the 
expansion of cotton growing in the South But in the tremendous ex- 
pansion of our exports which followed the revival of prosperity m 
189(5 there was a distinct and cleaily defined change in the types of 
oui imports and exports For the first time in its history the United 
States began the export of manufactured products in large quantities 
During the years preceding World War I the foreign trade of the 
United Slates was in a decided state of transition (Figs 290 and 291) 
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The expoi ration of foodstuffs was declining, both relatively and abso- 
lutely, home consumption required a larger percentage of our food 
production, and imports of crude materials and food products were 
increasing These, however, weie made up chiefly of tiopical prod- 
ucts, luxuries, and semi-manufactures. World Wai I and postwar 



Fig 294 The twenty-five leading items exported fiom the United States m 1937 
(U S Department of Commerce ) 


periods marked the definite triumph of machine industry The export 
of manufactured goods increased on the one hand while exports of 
raw materials and foodstuffs, except for the actual period of the war, 
decreased sharply This pattern was not changed greatly by World 
Wai II except for the great increase m the exports of foods 
After World Wai II our imports were quickly adjusted to fit, m a 
general way, the normal prewar pattern (Figs 292 and 293). Our ex- 
ports on the other hand weie adjusted to fit the needs of the hungiy, 
cold, ill-clothed, and ill-equipped masses of Emasia. Food exports 
soared to an all-time high; exports of cotton goods to Europe were 
unprecedented, and our coal exports surpassed all previous records. 
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Some of this coal went to Geimany and Great Britain, countries that 
normally lead the world in coal expoits Large quantities of industrial 
machinery and machine tools were sent to the devastated countries 



Fig 2 9J The twentv-five leading items exported from the United States in 1946 
After World War II our exports were adjusted to fit the needs of a war-devastated 
Eurasia Our exports of food, coal, cotton goods, industrial machinery, and 
machine tools soared to an all-time high (U S Department of Commerce ) 


of Europe and Asia m order to hasten the rehabilitation of those areas 
(Figs, 294 and 295). 
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Barriers, 148 
Batavia, Java, 169, 741 
Bauxite, 534, 637, 704, British Guiana, 
705, Surinam, 705, world produc- 
tion, 705 

Bay of Bengal, 229 
Bay of Biscay, 560 

Beans, 96, 186, 288, 330, 332, 333, 364, 
365, 367, 426, 593 
Bear, 241 
Beef cattle, 223 
Beet sugar, 258-259, 260 
Beets, 169, 413, 538 
Belem, Brazil, 167 

Belgian Congo, Africa, 185, 207, 696 , 
697 
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Belgium, 126, 410, 633, 662, 669 

Bellingham, Washington, 400 

Benares, India, 719 

Bengal, India, 234 

Beni River, Bolivia, 193 

Beograd (Belgrad), Rumania, 356 

Bergen, Norway, 125, 386 

Beriberi, 212 

Bering Sea, 417, 554, 555 

Bering Strait, 559 

Berlin, Geimany, 155, 728 

Bern, Switzerland, 141 

Berries, 411 

Bihar, India, 157, 255, 256 
Birch, 441 

Birmingham, Alabama, 623, non oic, 
629-631, water supply, 631 
Birmingham, England, 623, 664 
Bisbee, Arizona, 694 
Black Forest of Germany, 540 
Black Sea, 158 
Bluegrass, 428 
Boa Vista, 167 
Bochum, Germany, 668 
Bolivia, 47, 149, 574, 578, 580, 594, 595, 
tin, 710-711 

Bombay, India, 230, 231, 251 
Borax, 297, 298 
Bordeaux, France, 356 
Borneo, 16, 168, 187, 192 
Bosnia, 141 
Bosporus Strait, 6 
Boston, 454 

Bradford, England, 663 
Brahmaputra Delta, 255 
Brahmaputra River, 72 
Brahmaputra Valley, 248, 265 
Brazil, 55, 86, 155, 192, 249, 251, 259, 313, 
574, 580, 619, 620, 664, 713, 751, 
bananas, 210, 211, cacao, 197, 200, 
climate, 170, 171, 172, cotton, 254, 
326, iron ore, 617, 619, mate, 265- 
266, oranges, 338, 372, 373, 375, 
plantation agriculture, 189, sugar, 
262, timber, 179 
Breadfruit, 221 

Breezes valley, 66 , mountain, 66 
Brest, 356 
Bricks, 718-719 


Briquettes, 668 
Brisbane, Australia, 308 
British Columbia, 390, 393, 394, 396, 397, 
416 

British East Indies, 8 
British Empire, 15, 202 
British Guiana, 705 

British Isles, 5, 11, 386, 408, forest in- 
dustries, 401, textile manufactuic, 
11 

British Malaya, 192, 205 
Brown, R N Rudmose, 559 
Brownerths, 425 
Brunhes, Jean, 293 
Buckwheat, 333 

Bucuresti (Bucharest), Rumania, 356 
Budapest, Hungary, 356, 423 
Buenos Aires, South Amenca, 308, 338, 
728 

Building materials bricks, 718-719, 
clay, 718-719, cement, 720, loess, 
716-718, stone, 359, 719-720 
Burma, 75, 128, 229, 238, 246, 257-267 
Butadiene, 677 
Butte, Montana, 694 

Cacao, 165, 208, 214, 221, 244, 247, en- 
vironmental requirements, 197, 
native versus foreign plantation, 
201-202 

Cadiz, Spain, 356 
Cairo, Egypt, 277 
Calabria, Italy, 157 
Calamar, Colombia, 243, 244 
Calcutta, India, 72, 249, 738 
Calif orrna, 46, 112, 154, 347, 358, 359, 
382, 391, 395, 396, 397, 416, 417, 418, 
540, 626, 725, agriculture, 361, 363, 
365-366, 376, citrus fruits, 338, 361, 
372, climate, 348, 349, 350, 351, 368, 
earthquakes, 151, 157, forests, 391, 
395, 396, 397, 399, grapes, 378, 379, 
lumber, 395, map, 398, salmon fish- 
eries, 416-419 
Camel, 281, 282, 284, 357 
Cameroon Mountains, 168 
Gampos of Brazil, 240, 242, 244-245 
Campos of Venezuela, 177 
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Canada, Id, 40, 55, 71, 88, 100, 196, 259, 
419, J12, 519, 539, 540, 541, 542, 548, 
559, 693, 714, agriculture, 459, 466- 
467, 538, forests, 459, 513, 522-526, 
540, fur farms, 521, hydroelectric 
development, 529-531, 687, iron ore, 
535, pulp and paper, 533, reindeer, 
551, 552, 553 

Canadian Shield (Lanrentian Upland), 
515 

Canal Zone, 164 

Canals Delaware and Hudson, 742, 
Erie, 658, 726, Kiel, 5, Lehigh, 742, 
Morris, 742, Panama, 7, 212, Suez, 7 
Canary Islands, 210 

Cane sugar, 168, 509, Brazil, 262, Cuba, 
259, Gangetic Plain, 260, Hawaii, 
262, Java, 261-262, Philippines, 263, 
Puerto Rico, 262 
Cantaloupe, 367 
Canton, China, 309, 328 
Cape of Good Hope, 738, 739 
Cape Horn, 554 
Cape Town, 349, 739 
Caracas, Venezuela, 243, 579 
Carbon dioxide, 34 
Caribbean region trade, 760-761 
Caribbean Sea, 210, 372 
Caribou, 550-551 
Carlsbad, 112 
Caroline Islands, 226 
Carrots, 169, 367 
Cartagena, 243, 244 
Cartago, Colombia, 158 
Casablanca, 356 
Cascade Mountains, 391 
Caspian Sea, 508 
Cassak, Australia, 277 
Cassava, 168, 186, 221 
Castile, Spain, 363 

Cattle, 39, 181, 235, 242, 340, 386, 414, 
590, beef, 223, dairy, 223, 241, 
Great Plains, 481-482, map, 339, 
semi-arid regions, 481-484 
Caucasus, 150, 670, 698 
Cauliflower, 538 
Cawnpur, 234 
Celery, 82, 367 
Centigrade, 41 


Central America, 56, 155, 158, 204, 211, 
212, 575, 591 

Ceylon, 192, 195, 204, 205, 256, 265, 574, 
751 

Chaco, 267 
Charleston, 157 
Chengtu plain, 332 
Cherno/ems, 103, 425, 478, 499 
Cherrapunji, 229, 230, 575 
Cherues, 367 
Chestnuts, 360 
Chicago, 452, 545, 658, 728 
Chile, 4, 266, 272, 286, 358, 372, 382, 393, 
395, 471, 664, 693, 694, agriculture, 
359, 363, 364, 412, climate, 276, 277, 
347, 348, 349, 385, forests, 391-392, 
logging, 404, wine, 380, 381 
China, 5, 38, 74, 99, 217, 220, 250, 324, 
335, 344, 357, 471, agriculture, 128, 
257, 303, 332, 334, 427; climate, 72, 
304, 306, 307, 308, 309, cotton, 324- 
32S, famine, 436-437, floods, 134— 
135, iron and steel, 640-641, map, 
331, population density, 267, 303, 
314, 471, rice, 257, 313, sericulture, 
327-329, tea, 264, 265, tin, 711 
Chinch bug, 443 
Chmcha Islands, 297 
Chinchilla, 47 
Chinese cabbage, 169 
Chinook wind, 47 6 , 551 
Cholera, 212 
Christmas Island, 218 
Chrome ores, 641 

Chromium, 637, 670, distribution map, 
642 

Chungking, 331 
Cinchona bark, 168 
Cincinnati, 10, 3 66 
Cucle of Illumination, 44-45 
Citrus fruit, 4 6, 372-377, 725, oranges, 
337-338 

Ciudad Bolivar, 243, 268 
Clay, 718-719, cement, 720, Lehigh 
Valley, 720, raw materials for, 720 
Cleveland, 623, 629 

Climate, 34-80, 186, acreage yield of 
coffee, 586; cotton culture, 317, 
fundamental elements, 40-42, fun- 
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damcntol to trade, 751, Great 
Plains, 472, 473, humid continental 
with long summers, 422-424, humid 
continental with short summers, 
439, humid subtropical, 304-312, 
low-latitude highland, 574-578, 
map of climatic legions, facing 1(54, 
maiinc legions, 38(5-388, modified 
humid continental regions, 454- 
458, native vegetation of humid 
continental with short summers, 
439, northern coniferous foiest, 
513-515, oceanic and continental, 
54-5(5, polar regions, 54(5-548, rainy 
low-latitude regions, 169-174, rela- 
tion to potato crop, 448-449, rela- 
tion to soils, 449, semi-arid, 472- 
476, steppe, 279, tropical lain for- 
est, 169-174, uncertain rainfall, 472- 
473 

Climatic regions map facing 164 
Clover, 36, 288, 431 
Clyde River, England, 664 
Coal, 609, 649-671, anthracite, 661-662, 
Appalachian fields, 656-659, Brit- 
ain’s export trade, 664, Donctz 
Basin, 670, Europe, 662-671, Ger- 
man industries, 665-668, India, 
map, 642, interior fields, 659-661, 
Kuznetsk Basin, 670, Pittsburgh 
bed, 657-659, production by states, 
656, resources of the world, 652- 
654, Ruhr region, 665-668; Saar 
Valley, 669, Silesia-Moravia-Kra- 
Itow Basin, 669, United Kingdom, 
662-664, United States, maps, 627, 
660, USS.R, 669-671, world pro- 
duction, 654-655 
Cobalt, 536, 537 

Coconut, 202-206, 218, 225, 244, com- 
mercial crop, 204-206 
Coconut oil, 204 
Coconut palm, 128, 587 
Coffee, 168, 221, 222, 223, 259, 664, 751, 
Caribbean countries, 591-593, 
droughts, 586, Kenya highlands, 
584-586, southern Brazil, 590-591, 
world production, 592 


Coihue trees, 392, 399 

Coke, 658, Connellsville district, 658 

Cold front, 67 

Colorado, 111, 505, 631 

Colorado Desert, 291 

Colorado Rtver, 143, map, 291 

Colombia, 210, 244, 591, 594 

Columbia River, 416, 418, 419 

Columbia Valley, 411 

Columbus, 140 

Communication, 298 

Condensation, 58 

Congo, 236 

Congo Basin, 16, 164, 166, 177, 179, 185, 
194 

Congo Valley, 183, 184, 187 
Conifers, 460 
Connecticut, 468 
Connellsville district, 658 
Constantinople, 675 
Continental shelves, 115 
Convection, 58, 74 
Copenhagen, Denmark, 5 
Copper, 12, 294, 295, 536, 546, 637, 670, 
African output, 696-697, Chuquica- 
mata deposit, 695-696, marketing, 
698, mining m Utah, 12, resources, 

690- 691, smelting and refining, 12, 

691- 692, Soviet Union, 697, Spain, 
697, uses, 689-690, world produc- 
tion, 692-698, world’s largest open- 
cut copper mine, 695-696 

Coral atolls, 218-220 
Coral islands, 220 
Coral reefs, 218 
Cordillera, 400 
Cork, 381 
Cork oak, 377 

Corn, 82, 145, 186, 222, 286, 291, 313, 320, 
338, 379, 426, 427, 590, 725 
Corn belts, 340-342, 487, 725, Argentina, 
340-342, cropping systems, 431-434, 
livestock, 430, other crops, 433, Po 
Valley, 364, Rumania, 434-435, 
United States, map, 428, USS.R, 
435-436, world distribution, map, 
431 

Costa Rica, 210, 212, 575 
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Cotton, 244, 286, 288, 290, 292, 313-326, 
329, 330, 332, 424, 488, 509, 587, 590, 
African region, 254, China, 324-325, 
climate, 317, humid, subtropical 
South America, 325-326, India, 251- 
254, lint, 367, textiles, 314, 663, 
United States, 315-324, world map, 
252, world production, 324 
Cotton belt, 40, 314, 317, 318, 469, clops, 
316, major cotton-producing areas, 
317-324, maps, 316, 318, 428 
Cow, 357 
Coyotes, 281 
Crater Lake, 154 
Crimea Peninsula, 670 
Crocodile, 181 
Cryolite, 546 

Cuba, 99, 210, 211, 212, 247, 249, 259, 
261, 263, 315, 336, 619, 620, 713 
Cuiaba, 171, 172 
Cumberland Plateau, 141 
Currant, 378 

Cyclone, 68-70, 71-72, 75, 307, 309, 
clouds, 68, diagrams, 68 
Cyclonic storms, 456 
Cyprus, 8 

Czechoslovakia, 637, 662, 669 

Dairying, 145-146, 223, 406, 413, 452, 
New England, 463-464, Wisconsin, 
450-452 

Dalmatian Coast, 365 
Danube River, 8, 356 
Danube Valley, 4, 427 
Dardanelles, 6 
Darien, Manchuria, 331 
Darling River, 472 
Date palm, 287 
Dates, 36, 286 

Dawson, Canada, 54, 55, 514, 548 
Deccan, 155, 251, 253, rainfall, 251-253, 
258 

Deer, 241 
Delhi, 719 

Denmark, 7, 107, 124, 126, 429, 535, 538, 
763, agriculture, 412, 413, livestock 
industry, 128, 405, 406 
Denvet, 141 


Desert, 36, 37, 40, 42, 56, 57, 96, 121, 
122, 271, 279, 280, 281, 282-285, 290- 
291, 294-299, 377, 502-508, animal 
responses, 281, Australian, 271, 
communication, 298-299, desert 
winds, 278, human responses, 282- 
285, irrigation, 502-508, low-lati- 
tude, 271-302, mining, 294-298, no- 
mads, 282-285, oases, 285, Peruvian, 
290, plant responses, 280, rainfall, 
273, lelative humidity, 273, 277, 
sage brush, 503, soils, 279-280, 
Sonoran, 290-291, temperatures, 
278, winds, 352 
Detroit, 539, 629 
Dew, 58 
Diamonds, 581 
Dikes, 334 
Dinaric Alps, 365 
Disease, 352 
Dismal Swamp, 130 
Diurnal range, 41, 42, 46, 577 
Dominion of Canada, 217 
Donetz Basin, 670 
Dortmund, Germany, 668 
Douglas fir, 389, 391, 396-397 
Douro River, 356 
Drakensberg, 494 

Drought, 40, 235, 336, 360, 365, 586, 
Argentina, 340, Australia, 38, 39, 
497 

Dublin, Ireland, 387 
Duisburg, Germany, 668 
Dundee, Scotland, 249 
Durban, Africa, 308 
Dust storms, 490 

Earthquakes, 151-158, 311, casualties, 
157-158, distribution, 155, map, 152 
Earth’s orbit, 43 
East Africa, 8 

East Indies, 164, 168-169, 182, 189, 216, 
574, 751, climate, 173, coconut, 204- 
206 j earthquakes, 155, palm oil, 207- 
208, rubber, 190, 192, 195, vegeta- 
tion, 177 
Ebro Basin, 369 
Ebro River, 356 

Ecuador, 149, 179, 189, 197, 247, 578 
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Eel River Valley, 391 
Egypt, 7, 598, Nile oasis, 287-289, man- 
ganese, 713, map, 289, rice, 335 
Egyptian Sudan, 277 
Ellesmere Island, 545 
Energy, see Power 

England, 35, 150, 206, 259, agriculture, 
407-410, coal, <534 — 63 5 , ciop rota- 
tion, 107-109, iron and steel, 634- 
636, Lake District, 138, whaling, 
558-559 

English Channel, 116 
Entebbe, 170 

Equator, 42, 45, 168, 218, 423 
Equatorial calms, 41, 173, 198 
Equatorial forests, 35, 267 
Erie Canal, 658, 726 
Erosion, 106 

Eskimos, 550, 569, 731, culture, 563-566, 
dress, 565, fishing people, 564-565, 
houses, 565, reindeer, 552 
Essen, Germany, 668 
Ethiopia (Abyssinia), 595 
Euphiates Valley, 81, 122, 287 
Eurasia, 15, 124, 499, Mcditerrane in, 
338, podzol, 100; prauie soils, 102, 
spring-wheat belt, 444 
Europe, 9, 10, 11, 30, 40, 129, 141, 146, 
260, 357, agriculture, 146-147, 365; 
cacao, 198, 199, coal, 653, 665-671, 
crop rotation, 109, emigration, 14, 
iron and steel industries, 633-639, 
land forms, 118-119, 148, livestock 
industry, 128, location, 3, 4, 5, 6, 8, 
25, map, 356, national boundaries, 
83, ore reserves, 636, population 
density, 126, probable coal reserves, 
653, soils, 100, 102, trade, 756, 758', 
tree crops, 377 
Evangelist Island, Chile, 387 
Evaporation, 53, 56 
Everett, Washington, 400 

Faeroe Islands, 386 
Fahrenheit, 41 
Fairbanks, 44 

Famine, 233-236, Africa, 235, causes, 
233, control, 235-236, India, 233- 
235 


Fang (milpa farmer), 190 
Fanning Island, 218 
Far East, 6, 204, 205, 207, 255, 441 
Far North, 519, 552 
Fenno-Scandian Shield, 124, 515 
Fernando de Noronha, 172 
Ferns, 389, tree fern, 392 
Ferrell’s law, 61 

Fertili7ers, 272, 312, 316, 332, 535, 687, 
guano, 111, 225, 294, 297, 298, 
nitrate, 294-297 
Figs, 357, 360, 367 
Fiji Islands, 205, 211, 221, 223 
Finland, 516, 533, 538, coniferous for- 
ests, 138, 528, land forms, 513, 515 
Fir, 391, 441 

Fish, 35, 218, 297, salmon, 416-419 
Fiume, 356 
Flinders, 128 

Flax, 338, 342, 450, distribution map, 
429 

Floods, 40, 135, 178, 299, 311, 336 
Florence, Alabama, 308 
Florida, 38, 39, 40, 46, 72, 111, 309, 338, 
725 

Fog, 35, 38, 59, 385, 387, 457 
Foreign trade, 580, effect of isolation, 
580 

Forests, 46, 144, 242, 459, Chile, 391- 
392, low-latitude wet-and-dry 
realm, 236-240, 242, New England, 
460-463, northern coniferous, 522- 
529, playground, 539-541, que- 
bracho, 237-239, sal, 237, Sweden, 
527-528, teak, 237, tropica], 177-180 
Forests and forestry, 462-463, Hok- 
kaido, 462-463 
Formosa, 220, 641 

Fort Hall, Kenya Colony, 582, 587, 597 
Fort William, Scotland, 386 
Fort Yukon, Alaska, 538 
France, 15, 149, 206, 379, 385, 406, 408- 
409, 662, 669 
French Cameroons, 200 
French Indo-Chma, 128, 192, 195, 257 
French West Africa, 207 
Fresno, California, 361, 362, 378 
Friesland, Netherlands, 131 



77(5 


INDEX 


Frost, 58 
Fruits, 364 

Fur, 517-522, fur farming, 521-522, 
Eurasia, 520, northern forest, 519— 
522 

Galveston, 72, 310 
Ganges-Brahmaputra Delta, 255 
Ganges Plain, 256, 257, 260 
Ganges River, 72 

Ganges Valley, 122, 126, 132, 232, 246, 
248 

Gantur district, India, 234 
Garonne River, 356 
Garonne Valley, 379 
Gary, Indiana, 628 
Gasoline, 672, 676-677 
Gelsenkirchen, 668 
Georgia, 309, 317, 324, 395 
Germany, 4, 5, 7, 9, 14, 40, 112, 196, 206, 
259, 425, 533, 628, 662, 693, coal, 
665-668, iron ore, 634, lignite, 668 
Gibraltar, 8, 356 
Gilbert Islands, 226 
Glacial plains, 135, 137 
Glaciation, 35, 538 
Glacier National Park, 601 
Globe, Arizona, 694 
Globes, 16, 19 
Glycerine, 205 
Goats, 282, 357, 414 
Gobi Desert, 502 

Gold, 295, 359, 394, 536, 546, 580, 581, 
Klondike, 715, world production, 
715 

Gold Coast, Mines, 164, 197, 198, 1 99, 
200, 202*713 
Gold and silver, 714-715 
Goode, J Paul, 29, 30 
Gran Chaco, 238, 241, 249, 469 
Grand Coulee Dam, 419 
Grapefruit, 40 

Grapes, 292, 357, 360, 367, 378-380, 509, 
distribution map, 380, table, 381 
Grasses, 124, 365, 404 
Grasshopper, 443 

Grasslands, 36-37, 96, 102, 177, 236, 237, 
240-241, 242, 244, 282, 439, 578 


Grazing, 105, 180, 246, 472, 502, and 
regions, 502, low-latitude wet-and- 
dry realm, 242-246 

Great Basin, 121, 501-505, 506-507, 509 
Great Britain, 4, 5, 7, 8, 407-409, 662, 
see also British Isles and United 
Kingdom 

Great Lakes, 138, 658, 659, 743, tvatei- 
ways, 743 

Great Plains, 90, 103, 105, 113, 469, 472, 

473, 484-493, agncultuial legions, 
485-486, blaclc-earth belt, 485-486, 
climate, 472, crop production, 487, 
dust storms, 490-493 , pastoral ac- 
tivity, 486-487, precipitation, 472- 

474, shelter belt, 492-493, wintei 
wheat, 489 

Great Smoky Mountains, 601 
Greece, 14, 352, 355, 361, 369, 370, 382, 
598 

Green Mountains, 468 
Greenland, 20, 24, 394, 457, 550, 553, 
558, 560, 563, 569 
Gieenwieh, 18, 19 
Guadalquivir Basin, 369 
Guadalquivir River, 356 
Guadeloupe, 210 
Guadiana River, 35 6 
Guam, 226 

Guano, 111, 225, 294, 297, 298 
Guatemala, 210 
Guava, 223 

Guiana highlands, 242, 596 

Guinea Coast, 166, 209, 300 

Gulf of Bothnia, 636 

Gulf of Mexico, 57, 70, 72, 137, 484, 630 

Gulf Stream, 387 

Gur, 264 

Hacienda, 245 

Hail, 40, 59 

Haiti, 210 

Haifa grass, 281 

Hall, F H., 12 

Hambuig, 736 

Hankow, 135, 331 

Hanyang, 135 

Hardwood forest, 425, 460 

Hawaii, 221, 262, 336, 337, 397 
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Hawaiian Islands, 152, 221-223 
Hay, 313, 365, 369, 414, 426, 431, 450, 
distribution map, 415 
Helsingfors (Helsinki), 552 
Hemispheres, 116, 166, land and water, 
116, northern and southern, 125 
Hemlock, 389, 390, 391 
Hemp, 332 
Henequcn fiber, 250 
Hercegovina, 141 
Hessian fly, 443 
Hevea brcmltensts , 178, 191, 192 
Hides, 147 

Highlands, 139, 572-604, agricultural in- 
dustries, 578, climatic zones, 574— 
578, low latitudes, 574-578, middle 
and high latitudes, 601-603, pas- 
toral industries, 578, recreation 
centers, 601-602 
Highs (anticyclones), 66-71 
Himalayas, 572 

Hogs, 220, distribution maps, 429 
Hokkaido, 454, 455, 456, 457, 460, 462- 
463, 467-468, agriculture, 467-468, 
forests and forestry, 462-463, soils, 
460 

Holland, 129, 131, 206 
Honduras, 158, 210 
Hong Kong, 8, 309, 331 
Honolulu, 221 
Honshu, 454, 455 
Hookworm, 212 

Hoover Dam, 143, 291, map, 291 
Hops, 411 

Hoises, 181, 357, 382, 387 
Hudson Bay, 519, 565 
Hudson River, 4, 726 
Hull, England, 558 
Hull, Massachusetts, 554 
Humboldt Current, 297 
Humid continental climate with long 
summers, 421-437, agriculture, 426- 
437, climate, 422-424; European 
and Asiatic regions, 434-437, loca- 
tion, 421-422; native vegetation, 
424; soils, 425-426 

Humid continental climate with short 
summers, 438-453, agriculture, 441— 
452, climate, 439, distribution map, 
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438, forest exploitation, 439-440, 
native vegetation, 439 
Humid continental climatic regions 
(modified humid continental cli- 
mate) 454-468, climate, 454-458, 
fogs, 457, forestry, 460-463, natural 
vegetation, 460-463 

Humid subtropical regions, 264, 303- 
346, agriculture, 313-342, climate, 
304-312, distribution map, 305, flax, 
342, population, 303, rainfall, 306- 
309, social conditions, 342-344, 
soils, 312-313, temperature, 309-310, 
wheat, 340 
Hungary, 423, 426 
Huns, 36 

Huntington, Ellsworth, 568 
Hurricanes, 38, 41, 71, 304, 307 
Hwang Ho Basin, 499 
Hwang Ho River, 135, 331 
Hwang Ho Valley, 126, 132, 134, 426 
Hydrogen, 87 
Hyperbars, 51, 79 

Ibeiian Peninsula, 142 
Iceland, 394, 567 
Idaho, 111, 395, 505, 626 
Illinois, 428 

Imperial Valley, 291-292 
Incas, 596 

India, 6, 7, 8, 35, 38, 40, 208, 335, 713; 
chrome ore, 641, climate, 75, 229- 
233, cotton, 251-254, earthquake, 
157, famine, 233-235, iron ore, 641, 
iron and steel industries, 641-642, 
jute, 246-249, manganese, 641, map 
of minerals, 642, rice, 128, 246, 255- 
257, tea, 264-265, teak and sal, 237 
Indian Ocean, 8, 74, 209 
Indiana, 428 
Indiana Harbor, 628 
Indianapolis, Indiana, 423, 680 
Indians, 250, 550 
Indo-Aryans, 36 
Indo-Chma, 264 
Indo-Gangetic Plain, 267 
Indus River, 290 
Indus Valley, 126, 132, 290, 330 
Infrabars, 51 
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Inland waterways, 741-747, economic 
aspects, 747, lake system, 743, Mis- 
sissippi River system, 744-745, Ohio 
River, 745, St Lawrence, 744-745 
Insects, 164, 181 
Insolation, 41-42, 53 
Iowa, 56, 428 
Iqmtos, 167 
Iran, 157 
Iraq, 287, 289 
Ireland, 405-406 
Iron Mountain, Utah, 631 
Iron ore, 535, 536, 613-620, 623, 627, 
629-630, 631, 633-634, 635, 638, 640, 
641, 642, 669, Birmingham, Ala- 
bama, 629-630, Brazil, 617, Cuba, 
612, distribution map, 636, 642, ease 
or difficulty of mining, 615-617, 
Germany, 634, impurities, 618, Iron 
Mountain, Utah, 631, Knvoi Rog 
district, 670, Lake Superior, 636; 
Lorraine reserves, 617-619, 633— 
634, markets, 620, production by 
countries, 619, regional distribu- 
tion, 626-627, reserves of China, 
640, resources of the world, 614- 
615, Spanish, 635, Sweden, 536, 635, 
Wyoming, 631 
Iron and steel, 607-644 
Iron and steel industries, 622-643, Bir- 
mingham, Alabama, 629-631, Brit- 
ish Isles, 635, China, 640-641, dis- 
tribution map, 642, Duluth, 631, 
Europe, 633-637, India, 641-642, 
Japan, 640-641, lower lakes region, 
628-629, southern Appalachian re- 
gion, 629-631, Soviet Russia, 637- 
639, western United States, 631-633 
Irrawaddy Valley, 123 
Irrigation, 222, 289, 290, 334, 361, 364, 
365, 594, desert, 502-508, distribu- 
tion map, 504, United States, 503— 
508, major problems, 506-508, 
sugar-beet production, 505, tank, 
236, 253, 256 
tsobanc maps, 51-53 
Isobars, 51—53, 62, 69 
Isothermal maps, 49-50 
Isotherms, 49-50 


Istanbul (Constantinople), 5, 6, 7 
Isthmus of Panama, 216 
Isthmus of Suez, 7 
Italian Alps, 149 

Italy, 4, 157, 335, 352, 355, 363, 369, 375, 
598, 637, olives, 369-370, principal 
crops, 370 
Ivory, 209 
Ivory Coast, 200 

Jamaica, 157, 210, 229 
Jamaicans, 260 
James Bay, 514 

Japan, 128, 147, 151, 157, 207, 217, 303, 
335, agriculture, 313, 332-333, 467, 
coal supply, 641, copper, 693, 
earthquake, 5, 9, 311, iron and steel 
industries, 640-641, sericulture, 328- 
329, timber, 462 
Japan Sea, 455, 457 

Java, 202, 211, 240, 261, palm oil, 207, 
soils, 86, 94, 174-175, standaid of 
living, 168, volcanoes, 153 
Jerome, Arizona, 694 
Jowar, 257 
Juneau, Alaska, 394 
Jungle, 40, 163, 175, 182, 210, 212, 226 
Jurua River (upper), 193 
Jute, 246, 247-249, 738, map, 248 

Kafir, 487, 488 
Kalahan Desert, 284 
Kangaroo, 241, 479 
Kansas, 38 
Kansu, China, 157 
Kapok, 168 
Karroo, 495 
Kashgar, 509 
Katanga, Africa, 696 
Kauai, 221 

Kentucky, 141, 144, 145, 395, 427, 428 
Kenya, 574 

Kenya Colony, 581-589, crop produc- 
tion, 584, labor problem, 584, agri- 
cultural diversity, 587-589, maps, 
582 

IChasi Hills, 229 
Khnstiansund, Norway, 387 
Kiangsu, 32J, 327 
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Kiel Canal, 5 
Kingston, 229, 230 
Kikuyu Plateau, 584, 585, 597 
Kimberly, Africa, 294, 474 
Klamath Project, 503 
Korea, 454, 641 
Kotchrn district, 711 
Krakatoa volcano, 152, 153 
Ivrcfeld, 667 
Knvoi Rog district, 670 
Kuka, 231 

Kuznetsk Basin, 670 

Kwantung Province, China, 327, 328 

Labrador, 35, 386, 457, 569, 619 

Labrador Current, 457, 556 

Lagoons, 218, 241 

La Guaira, 579 

Lahore, 231 

Lake Agassiz, 449 

Lake Agassiz Plain, 443 

Lake Erie, 432, 629 

Lake Ontario, 4 

Lake Superior, 626, 633 , 691 

Lake Victoria, 171, 587, 589 

Lalolci River Valley, 169 

Lancashire, 663 

Land breezes, 65 

Land forms, 115-159, arid lands, 122- 
123; classification, 115-116, climate, 
119-125, glacial plains, 137-138, 
higher altitudes, 123-124, highlands, 
139-150, humid tropical regions, 
120, marine climate, 124, 125, ma- 
rine regions, 393, 394, piedmont 
plateau, 140-141, plains, 125-138, 
population distribution, 118-119, 
relation to volcanoes and earth- 
quakes, 151-155, sub-polar and 
polar regions, 124-125 
Languedoc, 379 
Lapland, 547, 569, culture, 567 
Lapps, 551, 569 
Lagumllas, 243-244 
Lassen Peak, 154 

Laterite, 97, lat'entic soils, 98, 174, 312 
Latin America, 238, 244 
Latitude, 42, determination, 17-18 
Latvia, 9 


Laurcntian Plateau, 687 
Laurentian Shield, 124 
Lead, 637, consumption, 700-701, losses, 
702, uses, 699-700, world produc- 
tion, 701-702 
Leather, 242 
Leeds, 663 
Legumes, 91, 109 
Le Havre, 736 
Lehigh Valley, 720 
Lemons, 367, 375-377 
Lettuce, 169, 292, 364, 368, 538 
Levees, 134 
Liberia, 164 

Lignite, 635, production in Germany, 
668 

Lima, 290 

Lime-accumulating soils, 96 
Limestone, 623, 629; as flux, 670 
Lisbon, 157, 356 
Liverworts, 389 
Llama, 47, 580 

Llanos, 240, 242, 243, 267, 268 
Location, 4-13, central versus periph- 
eral, 4-5, factor in business, 10-11, 
factor in history, 9, factor in indus- 
try, 11-13, strategic, 5 
Loess caves, 716-717, dwellings, 716- 
718 

Logging, 402-404, Chile, 404, Norway, 
403, 404 

Loire River, 356 
London, 155, 726 

Longitude determination, 17-18, time, 
19 

Lorraine, 617-618 
Los Angeles, 349, 361, 362, 376 
Louisiana, 72, 312, 3 34, 337, 395 
Low-latitude desert and steppe, 271— 
302, animal responses, 281, climate, 
273-279, communication, 298-299, 
distribution map, 272, mining ac- 
tivities, 294-298, nomads, 283-285, 
oases, 285-294, population, 271- 
273 

LoW-latitude highlands, 574-601, agri- 
culture, 583-594, climatic zones, 
574-578; isolation, 579-581; mineral 
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industries, 594-596, peoples and 
cultures, 596-601 

Low-latitude wet-and-dry regions, 228— 
270, agriculture, 246-266, climate, 
228-233 j famines, 233-236, forests, 
236-240, grazing activities, 242-246, 
map, 229, population, 267-269, tea, 
264-266 

Lows (cyclones), 66-71 
Lubricants, 672, 675, 677 
Lumbering, 394-404, 535, Chile, 399- 
400, growth of industry, 397-399, 
United States, 395 
Lyon, 356 

Mackenzie River, 519 
Mackenzie Valley, 553 
Madagascar, 98 
Madeira River, 167, 175 
Madoera (Madura), 168 
Madre dc Dios River, 193 
Madrid, Spam, 356 
Magdalena, 243 
Magnesia, 106 
Maine, 468 

iMaize, 185, 246, 288, 333, 378, 509, 578, 
588, 592 

Malabar Coast, 128 
Malaria, 164, 212, 352, 353 
Malaya, 177, 182, 315, tm, 709 
Malaya (British), 164, 194, 204, 207 
Malden Island, 218 
Malta, 8 

Manaus, 167, 170, 172 
Manchuria, 327, 427, 641, wheat region, 
445 

Manganese, 87, 618, 637, 641, 670, 713, 
distribution map, 642 
Manioc, 221 

Manitoba, Canada, 441, 444 
Map projections, 19-30, characteristic 
features, 21, conic, 24-25; cylin- 
drical, 22 j desirable properties, 21, 
gnomomc, 27-28, Goode’s inter- 
rupted homolographic, 29-30, Lam- 
bert, 27, Mercator, 23-25, 27, modi- 
fied conic, 26-27, Molweide homo- 
lographic, 29, polyconic, 25-26, 
sinusoidal, 27-29 


Maps, 19-30, function, 20-21, relief, 
30-32, weathei bureau, 21 
Maracaibo, 243-244 
Maracaibo Lake, 243, 244 
Maracaibo lowlands, 243 , 244 
Marianas, 226 

Marine climate, 384-420, distribution 
map, 384, native vegetation, 389- 
392, regions, 384-420 
Marine region, 384-420, agriculture, 
404-415, land forms, 393-394, log- 
ging methods, 402-404 
Mantime Canada, 459, soils, 459 
Market gardens, 366 
Marmalade, 375 
Marseille, 149, 356 
Marshall Islands, 218, 219, 226 
Marshes, 130 
Maryland, 112, 657 
Massett, Canada, 387 
Mate, 265— 266 
Matto Grosso, 244, 267 
Maui Island, 221 

Mediterranean Basin, 355, 357, 377, 518 
Mediterranean climatic regions, 347, 
animal husbandry, 382, climatic 
pattern, 348, distribution map, 347, 
health conditions, 352-353, market 
gardens, 366, native vegetation, 
353-354, tree crops, 366-377 
Mediterranean Europe, 146-147, 355 
Mediterranean Sea, 151, 158, 347, 348, 
354, 357, 375, 377, trade route, 738 
Melbourne, Australia, 211 
Mendoza, Argentina, 367, 509 
Mesabi district, 616, 626 
Mesopotamia, 6, 14, 279 
Messina, Sicily, 157 
Mexican Plateau, 47, 580 
Mexico, 72, 210, 217, 247, 367, 574, 592, 
630, 693, 701, wealth taken from, 
594 

Miami Valley, 135 
Mica, 546 

Michigan, 138, 395, 626, 694 
Milan (Milano), 141, 356, 427 
Millet, 246, 257-258, 333, 357, 426 
MiUibar, 70 
Milo, 487, 488 
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Milpa system, 183-184, 189 
Milwaukee, Wisconsin, 10, 452 
Mmeials, 150, (507-725, accumulation, 
608— <309, coal, 649-671, distribution 
maps, 638, 639, and human progress, 
607-609, increasing demands foi, 
607-608, and industrial growth of 
nations, 610-611, national owner- 
ship, 611-613, power, 609, stand- 
ards of living, 609 
Mingtze, Yunnan, 711 
Mining, 294, guano, 298 
Minneapolis, Minnesota, 10, 680 
Minnesota, 138, 444, 626 
Mississippi, 72, 136, 395 
Mississippi Basin, 126, 137 
Mississippi Delta, 335 
Mississippi River, 626, 680 
Mississippi Valley, 73, 132, 137, 658, 659 
Missouri, 428 
Missouri River, 481 
Mohawk Valley, 4 
Mombasa, 582 

Mongolia, 426, 439, 471, 500-501, 502, 
agriculture, 500-501 
Monongahela River, 657 
Monsoon wmds, 75, 228, 309, nature, 
63-65, precipitauon, 74 
Montana, 111, 444, 482, 626, 694 
Montreal, 539 
Morocco, 641 

Moscow (Moskva), 545, 669 
Mosquitoes, 181, 212, anopheles, 352- 
353, stegomyia, 353 
Mosses, 124, 389, 549 
Mount Pelde, 152 
Mount Rainier, 601 
Mount Vesuvius, 152 
Mountain breezes, 66 
Mountains, 11 5, 116, 142, agncultuic, 
143, 147-149, 602, barriers, 148, 
isolation, 602, minerals, 150, 602, 
passes, ISO 
Mozambique, 205 
Mukden, 331 
Mulberry, 330, 332, 509 
Multan, India, 277 
Munchen-Gladbach, 667 
Musk ox, 550 


Muskegs, 124, 516, 523, 536 
Mzab, 285, 293, 301 

Nani, Labiador, 386 
Nanking, China, 331 
Nantucket, Massachusetts 554 
Naples, Italy, 349, 356 
Narvick, Norway, 636 
Natal, Africa, 342 

Native vegetation arid regions, 502, 
Great Plains, 476-479, humid con- 
tinental regions, 424, low-latitude 
wet-and-dry realm, 236-241, maps, 
176, 477, marine regions, 389-393, 
Mediterranean climate, 353-354, 
modified humid continental regions, 
460-463, northern coniferous foi- 
ests, 516-517, rainy low latitudes, 
175-180, semi-and regions, 476, 
tundra, 549-550 
Natural gas, 628, 660, 680-682 
Near East, 7 

Nebraska, 56, 73, 428, 431 
Netherlands, 126, 385, 410, 425, 665, 669, 
livestock industry, 128, 405, 406, 
reclamation of land, 130-131 
Netherlands East Indies agricultuie 
168, climate, 173, copra, 205, palm 
oil, 207, rubber, 190, 192, 195, tea, 
265, tin, 709 

Neuquen, Argentina, 471 
Nevada, 56, 694 
New Antwerp, Africa, 170 
New Bedford, Massachusetts, 554 
New Caledonia, 714 
New England, 71, 85, 139, 456, 459, 
agriculture, 463-467, dairying, 463- 
464, forests, 460-462, fruits, 465, 
natural vegetation, 460-463, soils, 
459 

New Guinea, 168, 205 
New Jersey, 85, 447, 540, 711 
New Mexico, 112, 132 
New Orleans, 72 
New South Wales, 310, 400 
New York, 44, 447, 741 
New York City, 10, 545 
New Zealand, 4, 8, 116, 157, 211, 385, 
forests, 392, 400-401, land forms, 393 
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Newfoundland, 533, 560, 619, 620 
Nicaragua, 210 

Nickel, 536, 537, 546, 637, 713-714, Ca- 
nada, 714, New Caledonia, 714, 
Russia, 714, Sudbury district, 537 
Niger, 299 
Nigeria, 712 
Nile Oasis, 287-289 
Nile River, 14 

Nile Valley, 81, 132, 271, 288, 300, 330, 
map, 133, 289 
Nineveh, 675 

Nitrate, 97, 272, 273, 294, 295, 664 
Nitrogen, 34, 106, 109, 110 
Nomads, 36, 37, 284-285 
North America, 55, 100, 118, 119, 124, 
138, 221, 238, 283, 309, 757, and 
regions, 501, coal reserves, 653, 
Pacific forests, 396-399, spring- 
wheat belt, 443-444 

North Atlantic, 4, 35, 39, 51, 155, 387, 
561, trade route, 736-737 
North C.irol na, 317, 395, 427, 428 
North China, 135 

North coniferous forest, 124, 517-542, 
agriculture, 537-539, climate, 513— 
515, commercial development, 524— 
525, Finland, J28-529, fur, JI7-522, 
mineral resources, 536-537, natural 
vegetation, 516-517, power and 
manufacture, 529— 531, Russia, 526- 
529, soils of, 515-516, Sweden, 527- 
529, work season of, 542 
North Dakota, 4 
North Pole, 17 
North Sea, 131 
Northern Ireland, 407 
Nylon, 329 
Nyasaland, 574 

Oahu, 221, 223 

Oases, 38, 285-295, agriculture, 286, 
dates, 286-287, minor, 293-294, 
Nile, 287-289, Safani, 285 
Oats, 364, 408, 412, 415, 426, 431, 434, 
450 

Odessa, 425 

Ohm River, 135, 137, 138, 628, 658 
Ohio Valley, 135, 136, 424 


Oil palm, 206-208 
Okhotsk Current, 457 
Okinawa Shmia, 220 
Oklahoma, 320 
Oklahoma City, 680 
Okra, 169 

Olives, 360, 366-372 
Olympia, 400 
Onslow, Australia, 38 
Ontano, Canada, 529, 531, 533, 537, 687 
Opium, 332 
Oporto, Portugal, 356 
Oran, Algeria, 356 
Orange, California, 361 
Oranges, 332, 337-338, 367, 372 
Oregon, 154, 391, 395, 396, 397, 411, 416, 
418 

Orient, 3, 8, 194, 195, 207, 221, 222, 225, 
425, 630, 738, 741 
Orinoco River, 175 
Orissa, India, 157, 255, 256 
Oslo Fiord, Norway, 402 
Ostrich, 281 

Ottawa, Canada, 523, 531 
Ozarlcs, 141, 142 

Pacific Coast, 389-391, 396, forests of 
North America, 384-391 
Pacific forest, 396 

Pacific Islands, 169, see also South Sea 
Islands 

Pacific Ocean, 8, 74, 112, 151, 216, 221, 
225, 418, 637, United States m, 71, 
225 

Palestine, 14, 372, 375 
Palm kernel, 206 
Palm kernel oil, 206 
Palm oil, 168, 206, 207, 214 
Pampas, 342, 469 
Panama, 7, 171, 210 
Panama Canal, 7, 212, 397, 701, 741 
Paper, 532, 533, 534-535, 687, manufac- 
ture, 534-535 
Para, Brazil, 177 

Paraguay, 238, 265, 266, 312, 335, 338, 
372 

Paraguay River, 335 
Parana Basin, Argentina, 340 
Parana River, Argentina, 342 
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Paris, 55, 35(5, 728 
Paramos, 57 5, 593 
Pasture, 47, 313, 365, 3(59, 413 
Patagonia, 475, sheep, 493-494 
Payson, Utah, 63 1 
Peaches, 367, 377 
Peanuts, 236, 330 
Pears, 367 
Peary, Robert, 544 
Peas, 96, 186, 333, 365 
Peiping (Peking), 331, 422, 423 
Pelly River, 548 
Penguin, 561-562 
Pennsylvania, 447, 602, 657, 661 
Pensacola, Florida, 386 
Persia, 6, 271 
Persian Gulf, 287 
Perth Amboy, New Jersey, 711 
Peru, 143, 149, 277, 286, 290, 297, 574, 
578, 594, 595, 596, 693 
Peruvian Desert, 290 
Petroleum, 359, 546, 609, 665-666, 669, 
670, marketing, 677-678, occur- 
rence, 673, production, 678-679, 
reserves of the world, 678, source 
of power, 676-677, synthetic, 665- 
666, uses, 674-678 

Petroleum industries, 671-679, growth, 
672-673 

Philippines, 147, 169, 178, 179, 187, 204, 
205, 216, 217, 263, 574, 641 
Phosphate, 97, 106, 110, 111, 312 
Phosphorous, 87, 110, 618 
Pica, 294 

Piedmont Plateau, 140, 428 
Pig iron distribution map of United 
States, 627, United States produc- 
tion, 624 
Pigue, Chile, 294 
Pindus Mountains, 365 
Pineapples, 221, 222 
Pittsburgh, 623 

Plains, 125, 127, coastal, 127-131, flood, 
132-137, population, 125 
Planetary Winds, 62 
Plantain, 184, 185, 208, 587 
Plantation agriculture, 189-212, banana, 
208-212} cacao, 197-202, coconut, 


202-206, oil palm, 206-208, rubber, 
191-196 

Plate River Basin, 265 
Plateaus, 115, undissected, 142 
Plums, 367, 377, 411 
Po River, 356 

Po Valley, 132, 364, 382, 427 
Podzol, 97, 100, 101, 459 
Point Barrow, Alaska, 559 
Poland, 636, 637, 662 
Polar regions, 544-571, animals, 550— 
553, bird life, 561-562, climate, 
546-548, fishing industries, 555-561, 
hygienic conditions, 569-S70, map, 
545, soils, 548-549, tundra, 549-550, 
vegetation, 549-550 

Polar Seas, 553-561, arctic seal, 556- 
557, fishing industries, 555-561, 
otary seal, 555 
Poplar, 532 
Poppies, 332 

Population, 267, China, 125, humid sub- 
tropical regions, 303, India, 125, 
low-latitude desert and steppe, 271- 
273, mountains, 148, plains, 125, 
world, 118 
Porcupine' Lake, 537 
Port Antonio, 229 
Port Moresby, 169 
Portland, Oregon, 411 
Porto Velho, Brazil, 167 
Portugal, 369, 377, 380, 381 
Potash, 97, 106, 112, 312 
Potassium, 87, 110 

Potatoes, 47, 208, 364, 367, 409, 414, 415, 
448-450, 459, 467, 489, 538, 578, 
Aroostook, Maine, 459, insects and 
diseases, 449, Prince Edward Island, 
467, relation of production to cli- 
mate, 448-449} sweet, 222, white, 
82, 222, yams, 222 
Potomac Canal, 658 
Potomac River, 65 8 
Potosf, 594 

Power (energy), 646, 647, 650, 651, 
energy (horsepowei), 651, indus- 
trial development, 646-648, me- 
chanical versus human, 651, petro- 
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leum, 676-677, total avulablc, 647, 
uses in America, 647 
Prairie, 53 5 

Prairie provinces, 55, 533 
Prairie soils, 102 

Precipitation, 58, 59, 74, 273-277, gen- 
eral distribution of, 74-79 
Presque Isle, 85 
Prince Edward Island, 467 
Prunes, 367 
Prussia, 112, 124, 126 
Puerto Cabello, 243 
Puerto Montt, 400 
Puerto Rico, 247, 262, 263, 336 
Puget Sound, 397, 411, 522 
Puget Sound Valley, 411 
Pulp-wood, 461 
Pulse, 365 
Pumpkin, 186 
Punjab, 232, 246 
Punta Arenas, Chile, 387 
Purus River, 193 

Quebec, 529, 537, agriculture, 539 , 
aluminum, 531, 534, hydroelectric 
power, 686-687, paper, 533 
Quebracho, 237-239, 249 
Queensland, Australia, 211, 305, 308, 
337 

Quixeramobim, 55 

Radiation, 46, 58 
Radishes, 169, J38 
Radium, 546 
Ragi, 257 

Railway transportation, 747-751 
Railways, 749-750, development, 749- 
750, distribution map, 748 
Ram forest, 175 

Rainfall, 59, 251-253, 273, 306, 320, 341, 
348, 349, 387 

Rainy low-latitude regions, 163-215, 
climate, 169-174, major crops, 184- 
185, map, 165, minor crops, 186, 
natural animal life, ISO, native 
homes, 186, natural vegetation, 175- 
180, plantation agriculture, 189-212, 
rainfall, 173-174, regions, 166-169, 
soils, 173-174, temperature, 169. 


Ramy tropics, 385 
Raisms, 378, 379 
Ramie, 250-251 
Rape* 330 
Rayon, 329, 535 

Recreation centers Glacier National 
Park, 601, Great Smoky Mountains, 
601, Mount Rainier, 601, White 
Mountains, 601, Yellowstone Na- 
tional Paik, 601 
Red Cedar, 389, 390, 396, 397 
Red Clover, 101 
Red River, 472 
Red Rivci Valley, 443, 449 
Red Sea, 8, 738 
Redland, California, 361, 362 
Redwood, 389, 391, 396 
Reindeer, 550, 551-553, Alaska, 552 
Reindeer moss, 124 
Relative humidity, 174, 273, 277, 423 
Relief map, 117 
Rhea, 250 

Rhine River, 129, 356 
Rhine Valley, 132, 633, 665, 719 
Rhodesia, 574, 696 
Rhone Rivci, 356 
Rhone Valley, 132 

Rice, 128, 165, 186, 221, 222, 223, 246, 
247, 255-257, 288, 290, 313, 329-335, 
361, 364, 367, 509, Ceylon, 256, 
China, 257, distubution map, 429, 
India, 255, South America, 335, 
Umted States, 333 
Richmond, Virginia, 140 
Rift Valley, Kenya Colony, 588-589 
Rio Grande River, 132 
Rio de Janeiro, 343 
Riverside, California, 361, 362 
Riviera, 157 

Rocky Mountains, 144, 145, 469, 551 
Roma (Rome), 356 
Roosevelt River, 164 
Root crops, 46, 404, 413 
Rubber, 168, 178, 190, 191-196, 214, 221, 
677, 738, 751, plantation, 195-196; 
sources, 191-193, synthetic, 195-196 
Ruhr coal field, 635 
Ruhr district, 623, MS-668, maps, 666, 
667 
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Ruhr River, 666 

Russia (see also Union of Socialise 
Soviet Republics), 5, 6, 9, 15, 40, 
104, 478, 714, black soil, 479, spring 
wheat, 483-484 

Rye, 409, 412, 414, 445, 446, 450, dis- 
tribution, 445-448, related to land 
surface, 446-447, related to soil, 
446, Rumania, 425, 426, United 
States, 446 

Ryukyu Islands, 220 

Saai, 623 
Saar Valley, 669 
Sacramento, 362 

Sacramento River Valley, 362, 417 
Sage brush, 503 
Saguenay River, 534 
Sahara, 35, 36, 56, 57, 271, 279, 280, 282, 
287, 293, 299, 300, 301 
St Lawrence Valle}', 512 
Saipan, 219, 226 
Sal, 237, 238 

Salmon fisheries, 416-419 
Salt, 297, 669 
Samoyedes, 568, 569 
San Diego, California, 350, 362 
San Fernando Valley, California, 376 
San Francisco, California, 350, 362, 385, 
391, 545, 741 

San Joaquin Valley, 362, 378 
San Jos6, California, 263 
San Juan, Argentina, 509 
San Salvador, 158 
Santa Clara Valley, 361, 362 
Santa Cruz, Argentina, 471, 4 75 
Santa Domingo, 212 
Santa Fe, Argentina, 238 
Santa Marta, Colombia, 243, 244 
Santa Rosa Island, 298 
Santarem, Brazil, 167 
Santiago, Chile, 349, 359, 400 
Sao Paulo, Brazil, 315, 590 
Sarawak, 195 

Saskatchewan, Canada, 441, 444 
Savanna, 237, 240, 241; Africa, 245-246 
Scandinavia, 138, 540 
Scandinavian Peninsula, 515, 522 
Schuylkill Riyer, 662 


Sciily Islands, British Isles, 386, 387 
Scotland, 57, 155, 249, 386, 393, 407, 540, 
636 

Sea breezes, 65 
Sea elephant, 558 
Seal, 554 

Searls Lake, California, 112 
Seasons, 42-47, characteristics, 45-47 
Seattle, Washington, 386, 397, 400, 411 
Seme River, 356 

Senn-arid regions, 469-501, Austialia, 
496-498, cattle, 481-484, climate, 
472-476, crop production, 482-486, 
distribution map, 470, Eurasia, 499, 
frontiers of agnculmral develop- 
ment, 470-472, native vegetation, 
476-479, Patagonia, 471, 493-494, 
South Africa, 494-496 
Semple, Ellen Churchill, 2, 4, 9, 14, 36, 
355 

Senegal, 236 

Senna Madureiro, 167, 171, 172 
Sericulture, 326-329 
Scrra do Mar, Brazil, 580 
Seville, Spam, 375 

Shanghai, China, 308, 309, 331, 386, 413, 
728 

Shansi, China, 671 
Shantung, China, 327 
Sheep, 38, 39, 47, 147, 182, 282, 284, 357, 
386, Australia, 481, 496-498, maps, 
482, 497, senu-arid regions, 481, 
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Silk, 250, 326, 329, 738, versus ravon 
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Sinaloa, Mexico, 290 
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Sitka, Alaska, 55, 386, 387 
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Sleet, 40, 59 
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Snow, 40, 59 
Soap, 204, 205 
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95, 101, 103, 478, erosion, 106-107, 
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long summers, 425-426, humid sub- 
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South African trade route, 739 
South America, 3, 20, 24, 38, 119, 151, 
197, 204, 238, 241, 249, 283, 307, 314, 
579 

South Carolina, 317, 334, 395 
South Dakota, 428, 441, 442, 444, 482 
South Georgia Island, 558 
South Island, New Zealand, 393 
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Tannin, 239 
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Tariffs, 753-754 
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Taro, 221, 222, 223 
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Tea, 168, 247, 264, 332, 738, 751 
Teak, 237, 238 
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Tierra del Fuego, 394 
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576-577, 584 
Tigris River, 18 
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Timber, 440, 535, exploitation, 440-441, 
USSR, 441 
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Tornado, 41, 72-74, 304, 311-312 
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726, importance, 725, major re- 
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national interdependence, 729-730, 
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Asia, 7 59, tariffs, 753-754, west- 
central Europe, 756 
Trade routes, 735-741, distribution 
map, 737, Mediterranean, 738, 
North Atlantic, 736, Pacific, 739, 
South African, 739 
Trade winds, 61 
Transcaucasia, 6 

Transportation, 725-767, air, 750, am- 



788 


INDEX 


mal carriers, 731-733, highway, 
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Trieste, 356 
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Trondheim Fiord, 412 
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Tropical calms, 228 
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facture, 707, arid regions, 501, 
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corn belt, 428-434, cotton culture, 
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452, exports, 762, 766, 767, foieign 
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Uruguay, 312, 313, 343 
Utah, 12, 111, 626, 695 

Valdivia, Chile, 359, 385, 400 
Valencia, British Isles, 356, 386, 387 
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Valparaiso, Chile earthquakes, 155, 157, 
158 
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Vanadium, 637 
Vasco Gama, 739 
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Verkhoyansk, 54, 55, 386, 514, 547 
Vermont, 123, 464 
Vertical thermal gradient, 47 
Victoria, Canada, 387, 400 
Vicuna, 47 
Villa Bella, 167 
Vine culture, 377-381 
Vineyards, 364 
Virgin Islands, 7 
Virginia, 140, 141, 395, 427, 428 
Virginia, Minnesota, 616 
Visalia Station, California, 56 
Volcanic Islands, 220-223 
Volcanic lava, 221 
Volcanic soils, 86, 222, 312 
Volcanoes, 151, 152-155, map, 151 
Volga region agriculture, 500 

Wadai, 235 
Wadelai, 231 
Wadi Haifa, 277 
Wales, 150, 407 
Walnuts, 367, 377 
Walrus, 554, 557-558 
Walvis Bay, 277 
Warm front, 67 

Washington State, 395, 396, 397, 411, 
416, 418, 506 
Water buffalo, 182 

Water power, 138, 682-687, distribu- 
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687, resources of Africa and Asia, 
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Watermelons, 169 

Weather, 34, uncertain factor, 37-40 
Wenatchee Valley, 506 
West Indies, 38, 39, 99, 155, 204, 208, 
232, 630 

West Virginia, 395, 657 
Westerlies, 61 
Western Ghats, 75 
Whale, 554 
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Wheat, 40, 47, 82, 105, 246, 259, 288, 
313, 330, 333, 338, 340, 3$7, 363- 
‘ 364, 367, 379, 379, 4 If), 411, 414, 415, 

426, 427, 441;"'443, 450,' 488, 509, 578, 
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339, 408, 428, 442, Durham, 488, 
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sown, 441-445, tuikey red, 488, 
winter, 427 
Whiskey, 145 
White Mountains, 468, 601 
Wild rubber, 191 
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Winds, 60-74, causes, 60-61, Chinook, 
476, 551, cold, 352, desert, 278, 352, 
land breezes, 65-66; monsoon, 63- 
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61-63, sea breezes, 65-66, \ alley 
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dairying, 450-452 
Wolf, 241 
Wood pulp, 687 
Wool, 40, 147 
Wool textile industry, 663 
Wuchang, 135 
Wuchow, 135 
Wuppertal, 667, 682-687 
Wyoming, 111, 631 

Xmgu River, 167 

Yakima, Washington, 508 
Yakima Valley, 506 
Yakuts, 568 
Yakutsk, Siberia, 386 
Yam, 186, 221 

Yangtze Basin cotton, 325, crops, 330, 
cyclonic storms, 456-457, map, 331 
Yangtze Plain, 330 
Yangtze River, 331, 332 
Yangtze Valley, 123, 126, floods, 135; 

silk culture, 327 
Yap, 226 
Yarkand, 509 
Yellow cedar, 397 
Yellow fever, 212 
Yellowstone National Park, 601 
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